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This Final Report is divided into four main sections. In the first

section, I describe in some detail a subset of the eupirical research I

have done with my collaborators under the contract. Rather than attempt

to describe every study, I have described selected studies in detail.

These studies show sm of the range of work we have acccuplished durin

the contract. In the second section, I present a list of the publications

that have ensued from 1985 to 1988, as well as publications that are in. press. These are the years during which the contract was held. In the

third section, I list presentaticn I have given during the years of the

contract. And in the fourth and final section, I give the final budgetary

accunting for the contract. / 6 d:4
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Section 1

Coping with Novelty in Hman Intelicec:
An Emirical Ivsiain

m~n (1970) has observed that the truly influential scientists are
those who see things differently frum the way others see things: They are
the scientists who create new paradigms rather than foliding existing
ones. In other words, they can take an old problem and see it in a way
that is different from the way other scientists see it. For example,
C2hrmky (1965) created a new paradigm in linguistics when he introduced
the concept of transformational grammar, seeing language, a familiar
entity, in a way no one had seen it before.

Iuhn's oservation applies not only to science. In the investment
world, those investors who are considered to be unusually successful by
virtue of the outstanding performance of their investment portfolio are
almst always, to greater or lesser degree, "contrarian" investors
(Dreman, 1982). The reason for this pencenon is that a good investment
generally stops being good just as soon as everyone recognizes that it is
good. In the stock market, for example, the only way to make money on a
stock is to recognize that it is undervalued before everyoe else
recognizes it to be undervalued. As soon as everyom else recognizes that
fact, they buy the stock and it is no longer undervalued, as its price has
now risen.

The cheevations of scholars about science and the investment world. apply in everyday life as well. when questioning some in order to
establish her intelligence or general competence, we often throw the
person a "curve ball," meaning that we ask her a question that is
different in kind from the question that is typically asked of people in a
given situation. If she is able to answer ordinary questions, but not
ones that require some degree of flexible thinking or insight, we may
conclte that she is only somewhat intelligence or ozpetent, or even that
she is pedestrian. Indeed, in their studies of people's conceptions of
intelligence, Sternberg, Conway, Ketron, and Bernstein (1981) found that
people valued as intelligent the ability to see problems in a new and
different way.

Psychologists as well as laypersons have recognized for some time the
importance of coping with novel kinds of tasks or situations to
intelligence for a long time. For example, pc tests of
intelligence often include items that measure a person's ability to cope
with novelty, and the theory of intelligence proposed by Cattell and Horn
(Cattell, 1971; Horn and Cattell, 1966) dishes between two kinds of
intelligece--<rystallized and fluid. Crystallized intelligence is the
set of products representir accmflations of the processes of fluid
intelligence, which are the processes used in thinking in new and
different ways. Tests measuring fluid ability would be abstract
analogies, classifications, series, or matrices, all of which require one
to cope with novel kinds of problems. Raahei (1974) viewed the ability
to cope with relative novelty as the key ingredient of intelligence, a
view taken as well by Steinberg (1981, 1982, 1985), whome triarchic theory
of intelligence holds that the ability to cope with relative novelty is
one of three key ingredients to human intelligence (see Sternberg, 1985).
Piaget (1972), too in a different tradition, measured intelligence by
presenting children with novel kinds of tasks, such as the balance-beam
task or any of a number of conservation tasks.
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Although laypersons and psychologists alike have recognized the
iiiortnceof coping with novelty to intelligence, oddly enough, there

appears to be no direct epemtal test of the hypothesis that a
relatively nvel version of a given task will provide significantly better
asses m nt of a person's intelligence than will a non-novel version of
that task. Although a number of investigators, including ourselves
(Sternberg & Gastel, in press), have shown the relevance of the ability to
cope with novelty to intellectual pformace (see also Dvidson &
Sternberg, 1984; Sterniberg, 1982; Sternberg & Davidson, 1982; Tetewsky &
Sternberg, 1986), the line of argument has been that tasks that require
coping with novelty correlate fairly highly with psychomtric tests of
fluid intelligence. Nus of these studies have shown significantly higher
correlations for the tasks requiring coping with novelty than for tasks
that do not regqir this ability.

The purpose of this investigation was directly to test the hypothesis
that the ability to cope with a relatively novel version of a task is more
highly related to fluid intelligence than is the ability to cope with a
non-novel version of that task. In other words, this study seeks directly
to test the hypothesis that the ability to cope with novelty is a key
inredient of intelligence. we tested this hypothesis by presenting
subjects with a verification task that requires subjects to make either a
familiar presupposition or a novel one. We hypothesized that requiring
the subject to reason with a novel presupposition would incease the
extent to which a task measures fluid intelligence.Subect

Subjects in the main study were 50 Yale undergraduates (17 females, 33
males), all of wao received course credit for their participation in the
experiment, which took roughly two hours. In addition, 60 summr students
at Yale provided ratings in a prestudy that were used in order to validate
the materials for the main study.

7here were two basic kinds of materials: a verification task and
psyhmtric ability tests. The verification tasks comprised the main
en stimli, whereas the ability tests were used to validate the
main hypothesis of the study regarding the relationship of coping with
novelty with fluid intelligence.

The verification task. Te verification task ccrsisted of 232
stat1nts, each of which a subject bad to identify, as rapidly as
possible, as being either true or false. Statements were grouped into
sets of frm five to eight individual statements, and each of these sets
was preceded by a presu-position, which subjects were instructed to assume
was true. For half of 34 different sets of items, the presupposition was
one that was true in the everyday world; for the other half of the item
sets, the presupposition was ccuterfactual. A given set of items was
paired with both a familiar and a couterfactual presposition. Half of
the subjects saw a given set of itea with the familiar presupposition,
and half saw that set with the citerfactual presupposition. Table 1
shows some represetative sets of items from the experiment, paired with
both their familiar and their counterfactual presuposition. Of course, a
given subject saw each of the items with only one of the two possible
presuppositions and did not see the keyed awer.

Table 1 illustrates that for statmnts with familiar presuppositicns,
the correct answer to the verification task is the same as it would be in
the ordinary, everyday world. However, for item sets with a
counterfactual presuppositicn, the keyed answer was the same as that in
the everyday world for only half the total number of items. For this half
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* of the item with the counterfactual presuppositicn, the presuposition
was irrelevant to verification of the statement. For the other half of
the items with a c-uterfactual presqposition, hwever, the
preau;ositin was relevant, and hence danged the keyed response. Note,
then, that the task version with the counterfactual presuositin
required a certain kind of flexibility that the task version with the
famiiar presuppsition did not require, as the former version of the task
required a different answer frcm the normal, everyday ane for half the
items, whereas the version of the task with familiar presuppositions never
required an answer that was different frcmu the normal, everyday one.

Insert Table 1 about here

The subjects in the prestudy were used to verify that our keying of
responses was the sam as that which would be rendered by the subjects
actually performing the task. Th prestuzy subjects were asked to assum
that each presupposition was true, and then to mark each following
statemnt as true or false, based on the presupposition. Subjects were
also asked to provide a confidence rating for each statement indicatir
how sure they felt they were of the correctness of their answer (on a
1=low, 7=high scale). Questiomaires consisted of 36 sets of items, half
with familiar pitict and half with c mterfactual
presupositions. To different form of the questionnaire were
a-inistered to two groups of subjects. The questionnaires differed in
that items having -mtefactual presuppcsitions in the first form

* apeared with factual presuciticns in the second form, and vice versa.
Although the presupositions differed between forms, the statements
following them were identical. Items were retained for the final study
only if there was clear agreement regarding what should be the keyed
answer.

hereas in the prestudy the items were acninistrad with no time
pressure, subjects in the main study were aware that they would be timed
in performing the tasks, and were told to be as accurate as possible
without makin errors.

Psvsmhoetric tests. All subjects in the final study recaived four
psychometric ability tests in a fixed order: (a) the Letter Sets Test
from the French Kit of Reference Tests for ognitive Factors (Ekstrm,
French, & Harman, 1976), (b) the Syllogisms Test from the California Test
of Mental Maturity, Level 5 (Sullivan, Clark, & Tiegs, 1963), (c) the
Cattell Culture-Fair Test of g, Scale 3, Form A (Cattell & Cattell, 1963),
and (d) the Finding A's Test from the French Kit of Reference Tests for
Cognitive Factors (Ekstrom, French, & Harman, 1976). nhe first three of
these ability tests are well-validated measures of fluid intelligence
included for purposes of cotvergent validation of the experimental
hypothesis. The last test was a test of peroeptual-motor speed, included
for purposes of d validation.

The main dependent variable was response time to each of the
stat--I to be verified. A seommiary dependent variable was error
rate. Psychaotric ability-test scores were used as deperzent variables
for purposes of convergent and discriminant validation. The mainO Ieeet variables were presuposition type (novel, non-novel) and type
of response (true, false).

In the prestudy, subjects received sets of statements paired with
either familiar or counterfactual presuppositions, and had to indicate for
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Oeach statement %tether it was true or false, given the presupposition, an4
also wihat their coufidence rating was (on a 1-7 scale) for their labeling
of the statemnt as true or false. Item sets were presented in random
orde. in the main perimm, subjects also received itms sets in
random order, followed at the end of the experiment by the psycd xetric
ability tests in fixed order (in a separate group session). At the
beginning of the experimental session, each subject was orally briefed on
the general content of the experiment, and then presented with a consent
form to sign. Stimuli were presented on a Macintosh personal ccuputer.
First, instructions appeared on the ocuputer screen. Ten the subjects
saw four practice items. On these practice items, the capter infomed
the subject whether each response was correct or inorrect. However, no
feedback was provided for the rest of the item. Half way through the
comuter session, subjects were given an cortunity for a break, after
which they continued with the secord part of the exerimental items.
Ability tests, which were all in paper-and-pencil format, were
administered after all verification statements were cumpleted.

Before each subject began, all item sets were r-andmized and all
stae within each item set were randomized in order. Each subject
saw all 34 item sets, including 232 statmnts. Odd-rnrbered subjects saw
items from a first batch with counterfactual presuppositions and items
frn a second batch with familiar presuppositins; even-rumbered subjects
saw the reverse pairr.

Each item appeared as follows: First the presupposition was
presented, prefaced by the phrase "Assu tha...." The subject bad as.long as he or she desired to read the presupposition. Rim ready, the
subject wold press the space bar, which would initiate the presentation
of a statement to be verified. The subject responded to the statement by
pressing a key on the ocupater board. The subject's response and response
time were recorded. After a balf-second delay, the next statement would
appear, and so on. All statements appeared in bold face type, with the
presupposition written above in normal type in parentheses. The
presupposition appeared for each statement so the subjects would not have
to meuorize the pres iti .

Results
Table 2 presents the means for each of the main conditions, and Table

3 presents the results of the analyses of variance. As would be expected,
novel items were more difficult than familiar items, as indexed both by
higher response times and higher error rates. False items were more
difficult than true ones. The correlation of response times with error
rates across items was .26 (p < .001).

Insert Tables 2, 3, and 4 about here

Table 4 shows correlations of response ti and error rates with
psychometric ability test scores. The task shows good omvergent and
discriminant validity, suggestin that it is a good measure of fluid
intelligence but that it does not measure perceptual-motor speed.

The usefulness of the verification task for measuring fluid abilities
is shown by a stepdse mltiple regression of the psychometric ability
tests on the eerimtal task scores. For both novel and rc-novel.items, two of the three ability tests enter into the nultiple regression:
letter Sets and Syllogisms. For novel response times, the multiple
correlation was .73 with the two ability tests, p < .001. For the
nm-novel items, the multiple correlation was .68, p < .001. 7hus, the
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Overification tsk appears to tap well1 the same construct as is tpedby

conventional fluid-ability tests.
The critical correlations for the experiment are those that test the

hypothesis that the novel condition provided better assesmnt of fluid
intelligence but not perceptual-motor speed than did the non-novel
codition. In order to test this hypothesis, a difference score was
cmpted for each subject whereby the subject's average respose time for
inti-novel was subtracted from his or her average resporse time for novel
items. This difference score reflects the irment in time to respond
for novel ites (i.e., items with counterfactual presuositions) over
rn-novel items (i.e., items with familiar presupositions). The
correlaticn of this difference score with the Letter Sets Test was -. 34, p
< .02. The correlation of the differene score with the Syllogisms Test
was -. 38, p < .01. The correlation with the Cattell Test was -. 15, p >
.05. Finally, the correlation with the Crossing out A's Test was .04, p >
.05. Thus, all three correlations of the difference score with thepsychmtric ability tests were negative, as would be predicted by the
main hypothesis of the experimnt. Two out of the three correlations were
statistically significant. The correlation of the perceptual-motor speed
test with the difference score was trivially positive. In other words,
the main hypothesis of the study was generally confirmed.

Disaussion
The goal of this experiment was directly to test the hypothesis that

ccping with novelty is an iportant aspect of intelligence. The test of
the hypothesis was direct in the sense that subjects received both a. relatively novel and a relatively non-novel version of a sentence
verification task, and it was shown that the difference score omqparing
respon times for the two tasks was significantly correlated with
psychometric measures of fluid abilities. In other words, the increment
in time associated with the novel versus nro-novel version of the task
significantly predicted fluid ability. We believe that this result
cnstituts the most direct test to date of the hypothesis that coping
with novelty is an iqportart aspect of fluid intelligence, althaouh it
certainly does not crstitute the only test. Moreover, we recognize that
no single task can provide a broad test of the hypothesis, as there are
many kinds of novelty, and the kind of novelty involved in the
verification task with counterfactual presuppositions is only one of many
possible kinds.

Our intuition that the ability to see things in a new and different
way is an iuportant ingredient of intelligence is confirmed by this
study. This is not to say, hower, that all intelligent people have the
ability to cope well with novelty. To the contrary, some people may be
very intelligent just so long as their everyday presuppositions can be
taken for granted. The intelligec with which they perform, however, may
breakdown when novelty is introduced. QOmversely, sae people may be at
their best in coping with novelty, and look less intelligent in comparison
with others when cofronted with more mundane tasks (Sternberg, 1985). In
understarding intelligence, then, we need to view it in its diversity, and
to recognize that intelligence has many aspects, an iwportant one of which
is the ability to cope with relative novelty.
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If Dancers Ate Their Shoes:
IrIuctive ReascniM with Factual and Cmterfactual pr-m-es 2

In cur everyday lives, we must frequently make inductive judgments.
Most of these judgments are rcutine, requirin standard reasoning from
famiI ar premises. But occasionally we must asme that soathing is true
about which we may have little or no information, or which may even be
counterfactual. Suppose, for example, we view Nicaragua as having a
socialist government interested only in self-determination. Does the
standard U.S. govermnt analogy between Nicaragua and Cuba still hold?
Or supose we believe that a leading clinical psychologist has three
maladjusted children. cn this psychologist's clinical advice still be
trusted?

An example of the need for such potentially ccumterfactual irductive
reasonin occasionally arises in detective work, as shown in Isaac
Asimov's (1979) short story, '"he Singing Bell." The question faced by
the world-famos professor of extraterrestrial phemuena, Dr. Urth, is
whether Louis Peyton was on the mon recently, where he allegedly murdered
Albert Cornwell. Solving the problem requires Dr. Urth to reason about
the effects of unfamiliar gravitational levels.

The motive for the !urder would have been to obtain a large quantity
of a rare and valuable life form called the Singing Bell. Peyton denies
both the umrder and having been on the moon. Dr. Urth asks the accused,
Peyton, whe he respects Singing Dells. Peyton replies that he
does-too uch to break one. At this point, Peyton gently strokes the
Singing Bell he is holdil. Dr. Urth suddenly comands Peyton to toss the
Singing Bell to him. Peyton autmnatically tosses the Bell. It travels a
short arc one-third the way to Urth, curves downward, and shatters on the
floor. Dr. Urth then concludes:

Surely the matter is now obvious. The fact that Mr. Peyton could so
egregiously misjudge the toss of an object he obviously valued so
highly could mean only that his muscles are not yet readjusted to the
pull of Earthly gravity. It is my professional opinion, r.
Dven=t, that ycr prisoner has, in the last few days, been away
from Earth. He has either been in space or on som planetary object
considerably smaller in size than the Earth--as, for example, the
Moon. (p. 237)
In the above story, Dr. Urth thinks in terms of what wauld follow if

an unfamiliar situation were true. Such reasonin with unfamiliar
information can be readily incorporated into inuctive reasonin
problems. For example, assume that dinosaurs are kinds of fruit juices.
Given this premise, what word would com next in the following series:
SUBSTANCE, LIQUID, RINK, FNJIT JUICE, (a) RICIOSADJS, (b) COFFEE, (c)
V ETABIE, (d) GMASS?

Our attempt to explore reasoning with different kinds of information
is part of an ongoing program of research in which we explore the
relations between task novelty and information processing in tasks
requiring human intelligence. This program of research is motivated by
the notion that the ability to deal with relative task novelty is a
particularly crucial aspect of human intelligence (Sternberg, 1981, 1985;
see also Raahem, 1974). In other words, tasks that present subjects with
intermediate amunts of novelty may be good measures of intelligence.

This assertion is part of the triarchic theory of intelligence
(Sternberg, 1985). According to this theory, intelligence comprises
c~ponents of information processing that people enploy in deciding how to
adapt to, shape, or select their environment. Particularly relevant to
the present experiment is the experiential subtheory, which asserts that
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. intelligence is .asured to the extent that a partiolar task is
relatively novel (as in the present exeriment) or requires autoatization
of Inporotin prooessing. In this experimentm we seek to test the novelty
aspect of this subtheory through the use of ooumtefactual novelty in
imuctive reasonin prcblm.

In this experiment we also explore the ability to sift relevant from
irrelevant information. Thi ability, which we call selective enoodirn,
is one of three abilities (the others are selective obinaticn and
selective comparison) which we have proosed as basic to insight
(Sternberg & Dw ,dsiont 1982, 1983). This thiy of insight is also part
of the eqeriential subtheory of the triarddic theory of intelligence.

The sdee of the progz of research is shown in Table 5. our

Insert Table 5 about here

research on induction has proceeded through four overlaping phases. In
the first phase, we and others attempted task deocuposition to understand
the information-processing onents underlying performance on familiar,
IQ-test-like inductive-reasonir item (Stenberg, 1977; Stenberg &
Gardner, 1983; see also Mulholland, Pellegrino, & Glaser, 1980).
Performance on tasks such as analogies, clanifications, and series
cApleti was deccposed into its elmentary curiuwnts of processing,
enabling us to ascertain the latencies of such compoents, and the
strategies into which they wre ci.mid. In a second phase, we
investigated tasks that were, in soe sense, at the cgpoite extrme,
namely, unfamiliar and um-IQ-test-like. In one kind of problem, the
oe aI projection prblem, subjects were required to predict the

future state of an cject, given incomplete infomation about its present
state. Cbjects in these eqeriments ware other-worldly. For example, the
people of the planet Kyron could be either born young an die young, born
old an die old, born young an die old, or born old and ite young
(Sternberg, 1982; see also Tetwsky & Sternberg, 1986). In a secon kind
of problem, the insight problem, subjects had to solve what appeared to be
standard mathematics problem, but what were in fact insight problem that
could not be solved by rtin ma tical formulae (Davidson &
Sternberg, 1984; Sternberg & Davidson, 1982). In a third phase, wa
investigated problems that were fami iar but un-IQ-test-like--Iin tive
predictions into the future (when will a bottle of milk spoil?) and
pstdictins into the past (when did the bottle of milk spoil?) (Kalmar &
sternberg, 1985). The present experiment represents work in a fourth
phase of research.

In the fourth phase, we have been investigating prolem that are
IQ-test-like, but unfamiliar. Such problem have the theoretical
advantage that they may measure the ability to cope with relative novelty,
which seem quite important to intelligenc (Sternberg, 1985), and may
also be practical for use both in laboratory expriments and on tests of
human intelligence, broadly defined. These prlems involve a mix of
items, s requiring reasonir based on facts and others requirin
reasoning based on counterfactual ("novel") premises. In a first
experiment in this series, Mar: and Stenberg (1986) found that both
gifted and ngifted students in grades 6, 7, and 8 gave significantlyO more attention to novel information than to familiar information in the
test problems, which were analogies preceded by a cue that could be either
novel (e.g., sparrows play hopscotch) or familiar (e.g., pistols are
weapons), and either relevant or irrelevant to analogy solution. Gifted
students, however, gave significantly less attention to irrelevant novel
information than did ncngifted students, but did not differ from the
ncxgifted stents in their attention to relevant novel information.
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The Mart and Sternberg (1986) experiment aressed differences in
cutcomes of infomtio processing of factual and counterfactual analogies
for gifted and nongifted children, but did not examine the question of
just what information processing is used, nor did it investigate
informatic- processing in other types of problem. Moeover, the work was
limited to grade-school children. In the present experiment, we seek to
conft head-on the question of how adults process information in solving
factual and cunterfactual analogies, classifications, and series
problem. These three kinds of test ita were not chosen arbitrarily:
They are the three inductive item types most often used to measure general
intelligence, and partioilarly, so-called fluid intellectual abilities
(cf. Cattell, 1971; Horn & Cattell, 1966). By investigatir three related
but distinct item types, we can investigate whether the results generalize
or whether they are particular to each item type.

Method

Subjects were 60 Yale urdergraduates-17 males and 43 females-in an
introductory psychology ourse. Subjects participated towrard fulfillment
of a course requirement.
Materials

Materials were of two basic types, experimental tasks and psychmetric
tests.

Experimental tasks. Three different experimental tasks were used:
analogies, classificaticrs, and series aletiis. In each task, half of
the ii, were uncued and half were precued. Subjects saw each item in
either precued or uncued form, but not both, with half the subjects seeing
a given item in precued form and half in uncued form. Each task item was
associated with a precu of ane of four precue types-familiar relevant,
familiar irrelevant, novel relevant, or novel irrelevant-hich appeared
only in the precued condition. Item were not the same across precue
conditicn. Exmples of each of these types of item for each task are
shown in Table 6.

Insert Table 6 about here

Each subject received a total of 216 irductive-reasoning items. Those
items that apeared in uncued farm were sinply preceded by a blank field.
Subjects had as long as they wanted to look at the blank field, and then
pressed a button which caused the induction item to appear. Those items
that appeared in precued form were preceded by a premise that could be
either familiar or novel, and either relevant or irrelevant. Subjects
were first presented with the precue, and were given as long as they
wished to read it. They then pressed a button, which resulted in the
disappearance of the precue and the immediate appearance of the induction
ite.

items were equally divided a verbal analogies, classifications,
and series capleticns, equally divided again between uncted and precued,
and equally divided again (for the precued item) am"- familiar relevant,
familiar irrelevant, novel relevant, and novel irrelevant precues, as
follows: An item was classified as either familiar, if its precue was
factual and wll-known, or novel, if its precue was cmuterfactual. The

* item was also classified as either relevant, if its precue gave
information helpful to item solution, or irrelevant, if its precue was
whelpful. Irrelevant precues, although unhelpful, did contain
information associatively related to the item stem, so that the precue
could not be immediately recognized as irrelevant.
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Psvydbagtric tests. Five psycintric tests were administered to each
subject: the Verbal Reasonir subtest of the Differential Aptitudes Test
(Form T) (Bennett, Seashore, & Wesman, 1973), the Cattell Culture Fair
Test of g (Scale 3) (Cattell & Cattell, 1963), the insight problems used
by Sternberg and Davidson (1982), the Crossin Out A's Subtest of the
Ftench Kit of Reference Tests for Cognitive Factors (French, Ekstrom, &
Price, 1963), and the Vocabulary Subtest of the French Kit (V-3).
Desig

Dependent variables were response ties and error rates for the
individual items. Independent variables, all within-subjects, were test
type (analogies, classifications, series cmpletins) cueing (uncued,
precued), and, for precued item, precue type: famiiarity (familiar,
novel), and relevance (relevant, irrelevant). Each item had one cue
associated with it, which was either familiar relevant, familiar
irrelevant, novel relevant, or novel irrelevant.

Subjects first filled out an informed consent form. Instructions were
then administered orally. Subjects received the experimental tasks
followed by the psychomtric tests. The three experimental tasks
(analogies, classifications, and series cupleticns) were administered via
an Apple UIe mic, in counterbalanced order across subjects, and
psychtric tests followed in a fixed order in a later session. Subjects
were informed that on precued items, the precue should be accepted as true
and should be applied, if appropriate, to the item that followed.
Subjects were told to respond as quickly and as accurately as possible.
Items within task were blocked by precueing versus no precueing, with each

* task consistirg of four blocks of trials, with precued and uncued blocks
alternating. Within the precued condition, the four kinds of cues were
mixed so that a subject could not knw on a given trial what kind of cue
to expect. The first two blocks of each task were each preceded by four
practice items. On uncued items, the subject initially saw a blank
screen; on precued ites, the subject initially saw the precue. Mhen the
subject pressed RMRW, the precue (if any) disappeared, and the test item
appeared. Pressing of one of four response buttons resulted in
termination of the trial. The ccapiter recorded response tm and
resons, and then presented the next item.

Models of Information Processing
How do subjects solve the kinds of factual and counterfactual

induction items presented in this experiment? Such a question can be
addressed by considerirn alternative models of information processing. We
should note that our goal in this article is not to provide a relatively
ocplete model of information processing for beginnin-to-end solution of
analogies, classifications, and series completions: Such a task has been
undertaken in an earlier article (Sternberg & Gardner, 1983; see also
Sternberg, 1985). We have not included the rcessary task manipulations
to test the Sternberg-Gardner model on the present data. It is possible,
of course, that the task manipulations we did include changed information
processing so as to vitiate the applicability of our earlier model,
although we have no reason to believe that this was the case. Our goal
here is to discuss those aspects of information processing that are
distinctive to the solution of induction items with familiar or novel
precues that may be either relevant or irrelevant to problem solution.

Three basic kinds of models could account for information processing
during solution of the induction problems: the null model, additive
models, and interactive models. All of the proposed models are serial.
We recognize, of course, that actual processing may not be strictly
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* serial, and hence that cur models may oversimplify the cumplex information
processing subjects actually did. But we believe that the models provide
at least good apraoxiations to possible subject strategies. We also
assume in all but the null model that processing of novel information
takes loner than processing of familiar information, in that novel
information involves temporary overwriting of a subject's previous
knowledge. As we will show, this assumption is amply supported by the
data in Table 8. We consider each of these models in turn.
NUll Model

l . Model 0 would be the most plausible model of information
processin if the precuei mni ati failed. Aoori to this m ,del
the precuein manipulation has no effect unless the prece is novel
relevant, because only in this condition is the correct answer changed by
the information in the precue. Hence, it is possible that the results
wuld show a constant effect of the precue unless there is actually some
need of it to ccipqte a new answer. This model predicts that nvel
relevant (NR) items will be harder than all the others, and that these
others-familiar relevant (FR), familiar irrelevant (FI), and novel
irrelevant (NI)--will be equal in difficulty:

0. FR=FI=NI<NR
Additive Models

Model 1: Relevant < Irreln. In Model 1, there are separate time
charges for two elements of information processing: dealing with novelty
and dealing with irrelevant information. The motivating notion is that
during item solution, subjects are delayed by having to take account of
novel informatio, and also by having to deal with irrelevant information,. which is recognized as irrelevant only after a series of successive failed
self-terminating relevance tests. Relevance is determined by checking
whether the conceptual relation in the precue matches that in the item of
the problem. Irrelevance takes lrer than relevance because subjects
dthe relevance tests just as soon as they see that the precue
informatio is relevant to solving the given problem. Furthermore, to the
extent that relevant precues act as hints, they may actually facilitate
prolem solution.

Model 1 can be subdivided into two subaodels, la and lb. In la, it is
presud that the tim charge for novelty is greater than for
irrelevance. In Ib, it is presumed that the time charge for irrelevance
is greater than for novelty. In sum, the response-tim and error-rate
predictions of Models la and lb for the four precue conditims-familiar
relevant (FR), familiar irrelevant (FI), novel relevant (NR), and novel
irrelevant (NI)-are:

la. FR< FI <NR<NI
lb. FR < NR < FI < NI
Model 2: Irrelevant < Relevant. Model 2 is like Model 1, except that

there is an --- mental tim charge for rel rather than for
irrelevance. On this model, novel information takes longer to process
than familiar information, as in Model 1. But relevant information is
presumed to take loner to process than irrelevant information, because
only relevant information needs to be incorporated into item solution. If
a subject determines is irrelevant, that information can be
disregarded. But if the information is relevant, then it is integrated

* into the knowledge representation used to solve the item, and this
integration plus the subsequent use of the extra information adds a time
charge to item prcessing, as well as increasing the probability of an
error, due to the addition of an extra step of information processing.
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Model 2, like Model 1, can be subdivided into two su ides. In Model
2a, it is presumed that the time charge for novelty is greater than that
for releanc, whereas in Model 2b, it is premm that the time cargefor relevance is greater than that for novelty. In sum, the repnetime
and error-rate prictios are:

2a. FI < FR <NI < NR
2b. FI < NI < PR < NR

Interactive
The interactive model differ from the additive models in their

assumnptim that whether relevant or irrelevant infomtion takes longer to
process depends upon whether that information is familiar or novel.

Model 3: Relevant < Irrelevant for Familiar Ony. In Model 3, as in
Models 1 and 2, there is an a time charge for novelty. However,
it is assumed that for familiar items, successive self-terminating
searches result in irrelevant informtion beig slmw to ite than
is relevant information (as in Model 1). Moreover, because familiar
relevant informatio does not change the keyed response on familiar items,
such information can Imdiately be discarded without further processing.
On nvel relevant ites, however, relevant inform.acn does chage the
keyed answer, and hence mist be ited into solution processirq,
resulting in an added time charge for relevant information in itin with
novel precues.

3. FR< FI <NI <NR
Model 4: Relevant < Irrelevant for Novel Onh. In Model 4, as in the

preceding models, there is an i mn ta -: l time charge for novelty.
However, it is assumed that on items with familiar precues, incorporating
precue information into item solution results in these its taking longer
to solve than items with fami a irrelevant precues (as in Model 2). On
items with novel precues, it is assumed that irrelevant information takes
longer to process, because it is nore difficult to recognize the precue
information as irrelevant. In other words, whereas the relevance of
familiar information can be readily assessed, the relevance of informaticn
is hard to assess when the information is novel in the first plact; hence,
the delay for irrelevant information when processed in the cotext of a
novel precue.4. FI <FR<NR<NI

Results
Reliability of Data

A furxamntal, preliminary issue that needs to be addressed before
subsequent data analysis is whether the data for the experimtl task are
reliable. The task is a rather unusual one, and it is possible that, as a
result, the data will lack internal consistency, either with respect to
items (each item measuring a different ability) or with respect to
subjects (each subject employing a different strategy). Item
coefficient-alpha reliabilities are equivalent to reliabilities for all
possible split halves of items, whereas subject coefficient-alpha
reliabilities are equivalent to reliabilities for all possible split
halves of subjects. Mhese internal-consistency reliabilities are shown in
Table 7. All of the reliabilities are in the high .80s and low .90s,
which are highly satisfactory for data-analytic purposes.

Insert Table 7 about here

Correlations between Rs Times and Error ates
A second f and preliminary issue concerns correlations

between rsponse tis and error rates. This correlation was . 62 (p <
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. .001) across subjects, indicating that there was no speed-aciracy
tradeoff, but rather, that subjects who were faster were also more
accurate. The corelatin was .21 (V < .001) acs item, indicating
that items that took longer to solve were also more susceptible to error.
In sum, we need cezrn ourselves no further either with speed-accuracy
tradeoff nor with the possibility that errors tended to be "quick" ones
due to subjects giving up without fully attemptin itm solution.
Basic Saitc

Pesonse times and e ra. Basic statistics for the various
experimental conditions are shown in Table 8. Means are shom for both
correct response times and error rates as a function of item type
(analogies, clasifications, series), cAerx conditi, (cued or uned),
and type of prie infomatio (familiar relevant, familir irrelevant,
novel relevant, novel irrelevant). (Patterns of results are essentially
identical if all response times, includin; error ones, are analyzed.)

Insert Table 8 about here

Table 9 shows an analysis of variance upon these means. The results
are clearcut: All of the main effects an interaction are sttistically
significant for the respnse times, and all of the main effects and all
but one of the interactions are statistically significant for error
rates. These results indicate that the experimental maniplatins
affected perfora-r-, but ore importantly, that these effects were
interactive, as would be predicted from either Model 3 or 4. For the main
effects, series completicns take lcnger to solve than classifications,
which in turn take longer to solve than analogies. Items with novel
precus take longer to solve than items with familiar preoues, and
irrelevant precues take loger than relevant c . ANOVAs were also
calculated for each task, and they were essentially the same as the
overall ANOVAs.

Insert Table 9 about here

T varicus main effects and interacti can be better understood in
the context of Table 8, which incluw mean response tJ and error rates
on the various item types for each of the four conitions of precusirq.
Reaction ti and error rates show identical patterns: Overall means, as
well as the means for the analogy and classifications tasks, clearly
suYport Model 3, the interactive model in which irrelevance adds to
response times and error rates for iteam with familiar premes, but in
which relevance adds to response t and error rates for items with
novel precues. In the series xupletins, the response times and error
rates for novel relevant items are relatively low, resulting in these
means supportiq Model lb rather'than Model 3. Thus, the individual task
results and the overall means for response times and error rates support
Mdel 3, excetpt for the series comletions task, where the results supot
Model lb.
Effect of Preje

So far in our models we have only considered simple scores. It is
also informative, howwver, to look at the pattern of differenoes betwnm. cued and uncued scores in order to emmine the effect of cues on problem
solution (Table 10). The expected, obvious patterns oocur clearly: that
the difference scores for item with irrelevant precues and/or nvel
precues are all positive; that is, both novel and irrelevant precued items
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. have a higher response time and err rate than the saw items uncued. It
is mast interestir, howver, to look at the scores for ite.s having
familiar relevant precues, because solution of these items is somtims
hindered and somtimes facilitated by the presence of precues.

Insert Table 10 about here

The famiIa relevant precues make analogies more difficult while
facilitating solution of classificatiUns and series cziletions. There
are two possible reasons for this effect. The first reason relates to the
difficulty of the type of item. As can readily be seen from Table 8,
analogies are clearly the easiest unoued itm.. This is probably because
solving analogies is a well-practiced skill in the population sampled
(Yale urxergradutes). The analogies in this experimnt, which employ
only ocVncW% words and cncmepts, can be solved almost autzatically by
these subjects, whereas the classificaticrs and series azpletions are
less familiar and hence more difficult. The effect of a precus--even a
familiar relevant an-on analogy solving is to cause an interruption of
processes that would otherwise proceed automatically. Even if the precue
gives helpful inf1mati, 0 iting it expends more tim than it
saves. on the other hand, the precues for classificati and series
cupletions are potentially more helpful because the subjects need more
help on the more difficult item.

The second possible reason for the differential helpfulness of
familiar relevant cues is that the more flexible the structure of an item,
the more difficult it is to determine the relevance of a precue.
Analogies are highly flexible in that there can be a wide variety of
relations between terms. Osaider, for example, the relationships between
BAGL and =Me=, between HM and AM IRATICK, and between EYE and
BLh IM (all frm test items). In classification., the relations between
terms are more constrained; in an item, all terms are the same part of
speech, and they are all related by grvp memership. In series problems,
the relationships between term are even further restricted; in addition
to satisfying the crstraints menticned above for classificatins, the
termsmust also be arranged in a progression. Thus, in analogies it
should be fairly difficult to determine whether or not a precue contains
relevant information. In other words, nearly any precue which mentions
any aspect of any of the analogy te ould ceivably be relevant to
prolem solution.

In classifications, because the terms mist be related by group
eership, it should be fairly easy to spot a relevant precue, and a

relevant precue should be fairly helpful, in that it gives away the rule
of to what group the terms belong. The precue in series problems is even
easier to recognize as relevant and is more helpful, in that if it is
relevant, it really "gives away" the answer, and if not, it is readily
perceived as unhelpful, and can be quickly discarded.

Acording to the above rationale, the following would be expected:
For analogies, both relevant and irrelevant aues are unhelpful and
time-conuming, in that they mainly distract, whereas for classifications
and series completions, relevant precues are helpful, and it is less
difficult to recognize a precus as relevant. These expectations doO describe the pattern of results obtained for item with familIa precues.
As shown by both response times and error rates, solution of analogies is
impeded by precues, whereas solution of classifications and series
ompletions is facilitated by precues.
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Similar patterns hold for the novel precues for analogies and series
c=31eticns; however, the results for ovel classificatins are
aniaalous. The reason seems to relate to the actual navel relevant aies
used in the classifications. The "rst obvious type of novel relevant
precue which could have been -r awructed for classification problems
turned cut to be trivially easy, such as:

Celery is a fruit.
apple, pear, peach, grapes,
1. orchard
2. produce
3. celery
4. jam

In order to avoid such items, which merely entail substitution rather than
reasoning, the item were constructed as follows:

Fruits have long green stalks.
apple, pear, peach, grapes,
1. orchard
2. produce
3. celery
4. Jam

7tzus, in the novel precues for classificatic (unlike those for
analogies and series cpleticr), the change induced by the precue is a
chade in the properties of the words in the stem, not in the word which
capletes the item. The effect of this extra irductive step was to make
the navel relevant precues more difficult to reason with for
classifications than for either analogies or series completions.
Coseqently, the navel relevant classification have oaqpratively high
reaction t and error rates.

In summary, the effect of pre sam to be as follows: Precues
hinder item solution if the precue is navel and/or irrelevant, if the item
is easy and automatized in the tuned state, if the structure of the item
is flexible erioh that it is difficult to determine whether or not the
precue is relevant, or if the preoae is rmbvious by being several
inductive st"s away frm the preblum stem. Cmwersely, a precum can
facilitate item solution if the precue is familiar relevant, the item is
fairly difficult to start with, the item is of a rigidly struct red type
where the precus can be readily recognized as helpful, and the precue is
Inductively close to the item stem.
Correlations of Drimetal Task with Rs metric Test Scores

Table ii shows correlatians between exper task and Mchontric
test scores. Correlations are shon both for the individual tests, and
for atio factor scores based on a varimax-rotated principal-axis
factor analysis of the data. The factor analysis yielded two
interpretable factors with eigenvalues greater than 1, namely, a reasoning
factor (D.T Verbal Reasoning, Cttell Qlture-Fair Test of g, Imight
Test) and a verbal/perceptual factor (Crossing Out A's, Vocab lary).

Insert Table 1 about here

These correlations address three basic questions. The first question
ocerns cmnegent validation, whereas the secnd and third questions. conern dis riminant validation. First, are scores on the eperiuwntl
tasks related to scores on the psychmtric tests? One would expect most
of the correlaticns to be statistically significant, but moderate, as the
abilities tapped by the wperimwnal tasks should be related but
nmidentical to those tapped by the pychcltric tests (see Hunt, Frost, &
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* tnneborg, 1973, for similar logic). Second, do the correlaticns with the
reasoing tests (and factor) differ from those with the verbal/pp
factor? In particular, the reasoning tests were chosen to measure fluid
abilities similar to those tapped by the 7 r tal tasks, whereas the
verbal and perceptual tasks were chosen to masure crystallized abilities
different from those tapped by the experimental tasks (see Hant,
Irneborg, & Lewis, 1975, for an infonutio-resirq analysis of
verbal, or crystallized abilities). Third, are the correlatior. for the
uncued and cued conitions with the psycmetric tests different? The
triarchic theory predicts that the more noentrenched (precued) it
should be the better measures of intelligence, and the psychomtric tests
of fluid ability were chosen for being a the best measures of fluid
reasoning ability. Hence, the correlatins for the precued items might be
expected to be higher than those for the uncuied items.

The answers to these questions are fairly straightforward. First,
most of the correlaticns in the table are statistically significant, and
generally low to moderate in magnitude. Seccnd, correlaticns of the

etasks with the reasoning tasks are clearly higher than those
with the verbal/perceptual tasks. For the factor scores, for exanple, all
of the correlaticns of reaction tims and of error rates with the
reasoning factor (ranging fre, -. 31 to -. 46) are satisticaly
significant, whereas none of the orelations with the verbal/perceptual
factor (ranging firm -. 05 to -. 17) are significant. Thus, the

ptasks do appear to tap abilities related to those tapped by
the psychometric tests. Third, six of six ocmparisons between
correlations of uncued versus precued respons tims and error rates with.the psychmntric reasoning tests cam out higher for the precued than for
the uncued items. In sun, the exeimntal tasks shwed the predicted
patterns of cotmergent-discriminant validity with respect to the
psychmtric tests.

Discussion
This exrimnt investigated ifrainprocessing &wring the

solution of analogies, classificatio , and series completions either
taking the standard form or else preceded by precu infomation that
could be novel or familiar, and relevant or irrelevant. The data analyses
investigated both the internal and external validities of the tasks.

With respect to internal validation, it was found that for analogies
and classifications, subjects take loner to process irrelevant than
relevant information if the precue is familiar, but they take longer to
process relevant than irrelevant information if the preoue is novel. For
series completicns, however, both novelty and irrelevance ad tim to the
processing of informaticr, with the time for irrelevance greater than that
for novelty. Figure 1 shows a general informatim-processing
model-formalized as a flow chart-that provides a plausible account of
information processing in all three tasks. The tasks differ only in the
proportion of tims the various steps take, which is a factor of item type,
cue difficulty, and so on. These variables affect what specific
informaticn-processing model applies to a given task. For instance, as
previously discussed, applying novel relevant precues is easy for series
completions relative to the other two tasks, so the resulting model is
additive rather than interactive.

Insert Figure 1 about here

In the general model shown in the flow chart (which applies to precued
item only-for standard models, see Sternberg & Gardner, 1983), subjects
first read the precue. If the precue is familiar, then the subjects
accs category information needed for prblem solution. Subjects then
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* self-terminating as soon as they find how the information is relevant to
item solution. At this point, they incorporate the precue if it is
relevant, solve the problem, and then respond (see Sternberg & Gardner,
1983, for how similar uncued problems are solved). If successive tests
fail to show the relevance of the precue, subjects disoontirxai relevance
checking, reject the precue as irrelevant, solve the problem, and respond.

If the precue is novel rather than familiar, then subjects have to
create new category information for the on1acal. After requesting
the item stem, they then do a series of relevance checks for the novel
precue. If, after a series of checks, they are unable to see any
relevance for the precue, they reject the cue, solve the problem, and
respond. If, however, the precus is relevant, then they coumbine the
precue with the stem, a nontrivial process since the precue not only
overrides their previous knowledge but also changes the answer to the
problem. After combining the cue with the stem, the subjects solve the
problem and respond.

With respect to external validation, it was found that the
MMt .Fe induction tasks overlapped with pychomtric tests in terms

of abilities measured, that the abilities measured were fluid rather than
crystallized, and that the precued (more e) items were better
measures of fluid abilities than were the uncued ones. 7he nonrntrenched
induction tasks thus fulfill their original goal of being essentially
IQ-test-like in their surface structure, in that they can be answered
rather quickly with an unambiguos keyed answer. But they are unlike
standard items on intelligence tests in being more a rx=vffched--or
unusual-in their informatim-proessing uiriwnts.

The results of this experiment are cosistent with the notions of
Raahejm. (1974), Sro (1980), and Sternberg (1982, 1985) that relatively
ncnentreched tasks provide particularly apt measures of intelligence, and
particularly, of fluid intelligence. The ability to cope with relative
novelty is an important aspect of intelligence, and it can be measured
efficiently and in a theoretically-based way using the amte nched
analogies, classifications, and series completions used in the present
reseac.

Eqpertise and Flexibility: The Costs of Expertise 3

During the past three decades, research efforts directed toward
understanding the nature of expertise have increased tramkxusly.
Differences between experts and nonexperts in complex problem-solving
domains have been shown to be both quantitative and qualitative. Not only
do experts perform better than do nonexperts on quantitative measures, but
they also seam to structure problem representations differently and appear
to apply different strategies. Across a variety of domains, it is found
that experts tend to conceptualize dumain-related problems in abstract
terms, whereas nonexperts apparently rely more on surface-level features.

For example, in their classic study on expert chess players, Chase and
Siimon (1973), replicating de3root's (1965) earlier findings, reported that
more experienced players spent less time, made fewer errors, needed fewer
glances, and took in more information per glance than did less experienced
players when their task consisted of memrizing or reroducing briefly
presented, chess patterns. However, experts' encoding ability
dropped to the level of a novice when the experts were forced to deal with
meaningless chess patterns. Examining the recall clusters of their
players, Chase and Simon found that the clusters of experienced players
frequently were based upon attack or defense configurations, implying an
abstract knowledge representation.
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Ci, Glaser, and Rees (1981) extended this result to physicists on the
basis of corceptual sortin tasks and verbal protocols. They suggested
that experts' problem repmresentation tend to focus on abstract physicalpriniple, whereas novices represent problems in terms of surface
features. Researchers investigating different skill domains have arrived
ccrnistently at the sam corlusion (e.g., Adelson, 1981; 1984; Charness,
1979; Kay & Black, 1985; Reitman, 1976; Schoenfeld & Herrmann, 1982).

Studies focusing on the structure of knowledge representations
generally attempt to understand, qualitative changes that arise with
growing expertise in a field. These studies, hwever, do not neessarily
address the issue of quantitative changes in the cognitive system that
also go along with increasing expertise and that lead to remarkable
decreases in speed of performance. For example, in a study of expert and
nonexpert bridge players, aorness (1979) shcmed that experts needed less
time to perform qualitatively better than did novices in four different,
bridge-related tasks: planning the play of a contract, rapid bidding,
incidental learning, and recall of briefly exposed, meaningful bridge
hands. The only task in which experts did not perform faster and better
than did nonexperts was the recall of briefly presented, unstructured
hands.

Several have proposed theories that address why experts
can solve probles more quickly than naexperts, can (e.g., Cheng, 1985;
Kh-ibman, 1973). On of the most elaborated ang those theories was

c by Anderson (1982). Based upon the m anism of his ACT*
model of cognitive architecture, Anderson proposed that expertise develops
from an earlier declarative stage, in which general itive.procedures are applied to facts about the skill domain, to a procedural
stage in which the domain knowledge is compiled into procedures.
According to his view, the mastery of a cognitive skill is never
completely finished. Even compiled procedures continue to be fine-tuned
by means of geeralization, discrimination, and strengthening.

Taken together, the above findings suggmt that the degree of
proceduralization and the abstract nature of the knowledge organization
are among the most important ingredients of skilled prcblem-solving.
Proceduralized danain-specific prclem-solving strategies operating on
problem-suited knowledge representations give experts both a speed and a
quality advantage over ns.

Generally, studies on expertise have focused on understanding why
experts do better than rcnrxperts. Theories of expertise, such as the
ones described above, have been constructed to account for experts,
superior pr1lem-solving ability, thereby emphasizing the benefits of
expertise. Such theories, however, should not be restricted to situations
in which experts outperform nppert lets theories of expertise
should be able to predict under which circumstances experts will not
perform better than rxnonxrts or will even be UItperoned by
ne . So far, however, theories have only occasically been linked
to the costs of expertise (but see Adelson, 1984).

One reason why experts sometimes might be utperf Id by novexperts
could derive frnm the inflexibility of their information-processing
system. We hypothesize that a cognitive system that has been developed
specifically to perform within the boundaries of a well-specified problem
area need not necessarily be very flexible. This inflexibility might
reveal itself in one or both of two different ways. First, the system
could produce negative transfer as a result of being unable to inhibit old
solution strategies when response requirements change. Thus, an expert
physicist, for example, might find it very difficult to inhibit older,
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* proceduralized explanation patterns to account for familiar problems even
thoh she is aware of row findings that indicate the inadequacy of such
solutic. Second, the cognitive systes knowledge base might be hard to
modify. To stay with our exmple: Even if our physicist had no problems
inhibiting old solutions, she might still be hard pressed to incorporate
the now findings into her existing knowledge base.

Inhibitin and adaptation, the two components of flexibility, have
both been used as explanatory manisms in the lo controversy
surroir theories of associative learning. Different frameorks
explaining the negative interference effects obtained in the basic A-B,
A-C paradigm have tended to empasize or* or the other of the two
different aspects of flexibility. Whereas proactive n e
(e.g. ,Underwood, 1957) and list discrimnation accounts (e.g., Sternberg &
Bower, 1974) described interference effects in terms of subjects,
inability to inhibit older, previously established associations,
organizational theory (e.g., Tulving, 1966) tried to link them to
adaptation difficulties.

In an attempt to understand why people find it difficult to reason
with now cnepts, Tetewsky and Sternberg (1986) dhcwed that subjects
experience mre difficulties in novel situations when cocepts are partly
unfamiliar than when they are completely unfamiliar. Tetewsky and
Sternberg refer to adaptation difficulty and inhibition difficulty as two
possible explanatis for the result they obtained.

We claim that inflexibility and expertise are inextricably linked. A
problem solver's inability to inhibit existing response patterns and to
modify old owledge when response rmeiremmnts change (i.e.,

* inflexioility) are affected by his knowledge otion and by its
degree of proceduralizaticn (i.e., expertise). A highly structured system
that has proceduralized its processing of knowledge will be relatively
inflexible.

In EDceiment 1 we test the hypotheses that (a) the structure of a
krwledge base and (b) its degree of proceduralization affect the
flexibility with which a problem solver can respond to novel task
demands. We expect that problem solvers who have proceduralized their
solution strategies to a great extent will be more affected by changes in
task demands than will problem solvers who respond to problem in a less
proced ralized maner. Thus, experts in any given dcmain will generally
be more vulnerable to task demand iWdifications than nonexperts will be.
Furthermore, we assume that the effects of changes in task demands are
larger for those demands that are -x-patible with the structure of the
knowledge base than for demands that are cmpatible. Therefore, experts
will be more affected when raw task demands call for deep, abstract
principles to be changed than when surface features are to be changed.
For ncnexperts, the reverse is expected. Mat is, they will be mre
affected by surface changes than by deep, abstract changes.

The specific domain of knowledge chosen to test these ideas is the
game of bridge. (Apendix A describes the basic bridge rules for readers
unfamiliar with the game.) There have been only few studies on skill
differences in bridge (e.g., Charness, 1979; Ergle & Bukstel, 1978). The
few studies onducted generally cbtainmd results that are compatible with
the findings reported in other domains. It appears that master bridge

* players encode abstract distrihiinl features of bridge hands that
a atically evoke strategies containing lg lines of play, like "play
an end game." Nnexerts, on the other hand, seem to encode hands
primarily in terms of surface features hnor-cards, for instance), that
are associated with smaller lines of play, like "take a trick."
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In the first experiment, bridge players of varying levels of skill
played 12 simulated bridge games on a cooputer. Half of the gams were
played under normal conditions. In the other half, players were
instructed to play slightly different versions of bridge. Version 1
introduced n nonsense names for honor-cards and suits; version 2
rearrajed the order of honor-cards and suits; and version 3, the
lead-rule change, modified the rule determining who began each play.
Instead of the player who won the last trick, which is the o i rule in
bridge, the player with the lowest card in the last trick led into the
next trick. The different versions were intended to tap different levels
of subjects infmatio prooessing. Versions 1 and 2 were considered
surface modifications; version 3 was expected to exert its effect on a
deeper, more abstract and strategic level.

Experint 1
Experiment 1 tested three different hypotheses. First, experts will

play bridge more quickly and qualitatively better than nmexperts will
when the original bridge rules are in effect. Second, experts will be
more affected by the three rule modifications than nrexerts will be.
Finally, experts will be more affected by the deep-structural hamnge than
by the surface-structural changes, whereas for ncexperts, the reverse
will be true.

Thirty-fcur bridge players (16 males and 18 females) from the New
Haven area were recruited via advertisements in three local dupllcate
bridge clubs. The president of each club assigned each player to one of

* 10 categories according to level of skill. The category system that was
used is shown in Appendix B. Expertise scores for each subject were
obtained by averaging across the three raters' assignments. The players
ranged in age from 21 to 70. They were run in individual sessions and
were paid $5 per hour for their participation.

Ex&erimmital sk. The bridge program used in this study was based on
Borland International's Turbo Pascal version of Turbo Bridge and was
modified by Peter Frensch to suit the purposes of the study. It was run
M an IE PC miJcrncczurter.

Hand distriticns of all games were randomly dchoen by Peter Frensch
prior to data collection (out of a pool of ccaputer-qenerated radcm
games) and were displayed on the screen using the same abstract
rep esentation as is ccmmnly found in bridge books and newspaper
colum. The screen display was identical for the bidding and playing
phases of a game. Figure 2 shows a hypothetical screen configuration as
it might have appeared in the first trick of a game.

Insert Figure 2 about here

As in an actual bridge game, players saw only their own hands during
the bidding. hen the contract was determined and the cpening lead
played, dumny's hand was made visible and remained on the screen for the
rest of the game. Bids made and cards played in a trick were displayed
within the rectangular "bridge table" and, additionally, in the order they
were played, in the lower left corner of the screen. The numer of tricks
wun was updated after each trick and separately displayed for teas
West/East and North/South. Subjects either played hand South or, when
they wcn the contract or were d=my, hands Sath and North with the
remaining hands being played by the compter. Information about the
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program's activities was ctinuosly displayed (e.g., 'orth bidding,"
"est playing"). Subjects were prcq*ted to make a bid or to select a card
(e.g.,"South: ?"). Card and suit ranks (bid levels and bid suits during
the bidding #am) were displayed together with the prop t. Special keys
on the xcupzte keyboard were assigned to cards, bid levels, and suits.

Three different iodificaticru of the regular bridge rules were used: a
name dhange, a rank-crder change, and a lead dange. In the rame-chane
corxition, the familiar card and suit names (ace, king, queen, jack, and
spade, heart, diamon, club) were replaced by nonfamiliar, ncense names
(rutz, lork, dill, beib for cards, and palar, biref, ramng, kamer for
suits, respectively). The rank-order chame modified the familiar card
and suit rank orders (ace, king, queen, Jack to king, Jack, ace, queen,
respectively, for cards, and spade, heart, diamond, club to diamond,
heart, club, spade, respectively, for aits). The lead change modified
who began each play. Instead of the player who won the last trick, the
player with the loest card in the last trick led into the next trick.

Q~tgR1.In addition to p c at in the exeietltask,
subjects were given a questionnaire asking their age, nmber of years they
have played bridge, number of master points accumulated in total and
during the past two years, frequency of duplicate and rubber bridge play
per muth, an estimate of their level of bridge skill on a 1-9 scale (from.
poor to excellent), and their experience with other card gms. (Master
points in bridge are aiarded by the American C act Bridge leagie to
those scoring in the top positions at duplicate bridge tournaments. The
nmber of points varies with the numer of participants and type of

event.)

Te he. dependent variables were play time, umber of tricks won per game,
and number of games won. Independent between-subjects variables were
level of expertise (n epert, expert) and type of rule modication (name
change, rank-order change, lead change). a (1 to 12) was a
withi ubjects variable. In each expertise group, subjects were randomly
assigned to ne of the three types of game modifications.

mrcmately half of the subjects in each of the two expertise groups
answered the ques aire and took part in two different bridge studies
( p 2 and 3 of this report) at the first session and completed
the experimenal task in a second session; for the other half, the order
was reversed. The two sessions took place on two different days.

Instructions for the questionnaire were s orally.
Presentation of the questions and r ecoding of the answers were performd
by the ccmpter.

Instructions for the experimental tsk were administered via
omuter. Subjects were told that they would play 12 bridge games on the

computer. They were shown how to enter bids and plays and were
familiarized with the bidding system, which was simplified Goren.
subjects were also informed that there was no carry-over in terms of
vulnerability from one game to the next. They were told that they would
always play hand South and that, when South was declarer or dummy, the
cuxputer would expect then also to play hand North.

-Each game began with the bidding. Wen declarer and duany were
deterind, the player to the left (Counterclockwise) of the dmny played
the opening lead. Then the muy cards were revealed. Wen each trick was
oclted, the cards played remained on the "table" for further analysis
until the subject hit a key. The player who won the previous trick led
into the next one (except in the lead-change condition). When the subject
had finished playing all 13 tricks, the next game was started.
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Each subject received the same 12 ga in different randmized
orders. Games were blocked with regard to type of game modification.
Games 1 through 3 ard 10 through 12 were regular, ucanged gams; games
4 through 9 were played with a modification of the familiar bridge rules
(nam chane, rank-order chane, or lead change). Eadi player was exposed
to only one form of rule 4dificatiu. To familiarize themselves with the
system, subjects played two practice ga prior to the exprmna task.

Mme they had ccupleted three exeina ae, players were
presented with the now rule embeded in a cover story. 'The cover story
was identical for all no rules, tellinq subjects to imie thmselves
traveling in a foreign country where, one evening, they were invited to a
card game. Predictably encuh, these foreigners played a game that was
very similar to bridge with only slight modifications. Appendix C gives
the cplete cover story for the &dification of card and suit names. In
the name-hange and rnk-order-chane cotiticra, the expeVi n ter changed
the key labelson the ccuprter keyboard to reflect the ne nams or rank
orders.

Subjects were allowe to take as much tim as they needed to select a
bid or a play. Plays, play times, the number of tricks wn, and whether
the player had won or lost the g were recorded by the computer.

ro Ass
Two expertise groups (experts and nmexperts) were formed on the basis

of subjects' assignments to the expertis category system. Subjects were
rated by the three presidents of the clubs we had contacted. Scores for
each subject were obtained by averaaiross raters' assinmets.. Interrater reliabilities were .82, .85, and .89. As can be see in Table
12, expertise (exwrts) ww positively correlated with self-reported level
of skill (Estlvl), total urmber of master points acaulated (M'tot),
nmber of master points accumulated during the past two years (MPlast),
and number of years played (Yrsplyd), bu not with ag.. Subjects with
average expertise scores of 1-4 were assigned to the ruuxpert group;
those with scores 5 and higher formed the expert group. The particular
cutoff point for the two expertise categories was not chosen on the basis
of any coceptual meanir but, instead, was dictated solely by the
available data pool (mian cut).

Didomizati waes a anecessary preocditim to analyze data by use of
analysis of variance. (Simple regression mxthods wld not have required
such a cat -ii but would have been=much ,e inoonvwnet to use.)
Table 13 provides a snapshat of expert and ncrmemrt r t c. As
can be seen, groups differed on expertise scores, on self-estimated level
of skill, on the number of master points they had collected in total and
during the past 2 years, and on the number of years they had played bride
prior to testing. 7he two groups did not differ in age.

Insert Tables 12 and 13 about here

Reliabilities of Demendent Variables
An important Issue that we wanted to address prior to subsequent data

analysis is the reliability of the data. Because the exper n task is
a rather unusual one, the obtained data might have lacked internal
corsistency. Because the specific gam situaticn to which subjects
respoded w not onsta acro subjects, but were dependent on earlier
plays, split-half reliabilities, corrected by the Spearman-Brown formula,
were ccputed for all dependent variables. As Table 14 shows, the
reliabilities for play time were in the .80s and low .90s, which is
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generally considered to be highly satisfactory for data analysis. Data
for the number of tricks won per game and for the number of games wi
generally had lwer reliabilities, partihlarly en undaned and
modified games were considered separately. This is to be expected, given
the categrical nature of the two variables and the differences in
strategy that subjects of different skill level employ to deal with the
rule m~difications.

Insert Table 14 about here

Corralations a= Deendent Varbles
A second, preliminary issue ccerns the correlaticns ang dependent

variables. Of particular interest is the ccrrelation between speed and
quality of subjects' responses. Because of the nature of this study,
error rates could not be obtained. Instead, number of tricks won per game
and number of gswos were used as measures of subjects' qualitative
task perfOnce. As can be seen in Table 15, play time was only

oderately cr~related with the two qualitative measures. This was true
for both unchanged and hanged games. It should be noted that the two
overall correlations included all observations and, thus, did not suffer
frm the low reliabilities reported for the qualitative measures,
especially in the mdified gme. We my cwclude, therefore, that
subjects did not sacrifice quality for speed of respone.

The overall correlatin between number of tricks won per game and
number of games wo was .36, p < .001, iJdicatixq that subjects who won
more tricks also were aore likely to win !ore ams than subjects who won. fewer tricks. Somwat surprisingly, however, this correlation is far
fro perfect. WimiM mny tricks, it appears, does not necessarily make
for a good player, that is, a player uho wins many g .

Insert Table 15 about here

BasicSats
Prior to inferential data analysis, the within-subjects factor of game

(1 to 12) was broken down into four blocks of three games each. Thus,
blocks 1 and 4 ctained only gmes that were played under the normal
bridge rules; blocks 2 and 3 were g played under modified rules.
Tables 16 and 17 give the basic statistics for all d edent variables in
the various conditions.

A first, informal inspection of the data revealed that subjects' play
times in all eprimntal cdition were faster in block 4 than in any
other block. Similarly, subjects won fewer tricks and fewer gams in
block 4 than in any other block. Block 4 was originally designed to test
wehr subjects would display any interference effects when they had to
return to the original bridge rules. Because we did not use control
groups that would have allowed us to assess and partial out practice
effects, any effect of retroactive interferenc could have only been
tested if block 4 performince was slower than block 1 per mrn--. This
was not the case, however. one possible reason for this finiLng might
have been subjects' decreasing attention span at the end of the task due
to the length of the study. (Average total times spent on the
eerimenl task were 2 hours, 59 minutes for r~rxx pets and 2 hours, 55
minutes for expets.) Because the attention-deficit hypothesis could not
be ruled out, data analysis was limited to subjects' performances in
blocks 1 to 3.
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Insert Tables 16 and 17 about here

Base-line Performance (Reular rules)
The first hypothesis predicted that experts uld play faster and

qalitatively better than nonexperts when regular bridge rules apply.
Basic statistics for experts' and nanexperts' performances in the
unchanged games (block 1) are shown in Table 18. Because the dependent
variables were correlated, a multivariate analysis of variance was
performed. For the main effect of expertise, Wilks IO.648, F(1,28)=4.71,
p<.0l. The effect accounted for aroximately 35.3% of the total
variance. Experts played faster and won more games, but won fewr tricks
per game than did nonexperts. To decide which of the dependent variables
contributed most toward the discrimination of the expertise groups, a
follow-up dsc analysis was performed. The structure coefficients
of the discriminant function were 0.74, 0.41, and -0.51 for the dependent
variables of play time, number of tricks won, and number of games won,
respectively, indicating that the two expertise groups differed most with
regard to the time they took to select a play.

Insert Table 18 about here

Effects of RMle Modifications
The second and third hypotheses predicted that experts would generally

be more affected by the rule modifications than nonexperts would be, and
that they would be more affected by the deep-structural rule change than. by the two surface-structural changes. We expected the latter pattern to
be exactly reversed for ncziexperts. Thus, nonexperts should be more
affected by the surface-structural changes than by the deep,-structural

To assess changes in the dependent variables that were due to the rule
modifications, percentage scores were computed by dividing each subject's
pEr- mazc in the changed games (averaged across blocks 2 and 3) by his
or her performance in the regular games (block 1). We cmqted three
percetage soores for each subject, one for each dependent variable.
Table 19 gives the mean percentage increase or decrease for the dependent
variables in all experimental conditions. A multivariate analysis of
variance on the percentage scores revealed a significant main effect of
expertise, Wilks L=0.669, F(1,28)=4.30, p<.05, accomuting for
aprmmately 25.3% of the total variance. A contrast, testing the
interaction hypothesis, was also significant, Wilks L=0.699, F(1,28)=3.74,
p<.05. The contrast accounted for a-- tely 45.1% of the total
variance. The main effect of rule modification and the (overall)
interaction of expertise with rule modification were both nonsignificant,
p>. 10.

Looking in more detail at the differential effects of the rule
modifications on the two expertise groups, we found that experts' play
ti increased by more than did nonexperts' as the new rules were
n. Also, the quality of experts' play, as described by the

maser of games won, was more negatively affected than was ncnexperts'.
In fact, the nonexpert group won more games, on average, when playing
uner the new rules than when playing under the original rules. However,. the ncwxpert group won fewer tricks when the rule changes were
itrotuce, whereas the experts managed to increase the number of tricks

they wo despite the charges. Inreasing famiiarity with the
experimental setting and with the way the catpter played might have been
responsible for subjects' gains in the qualitative measures that were
observed, despite the introduction of new task demands.
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With regard to the significant interaction contrast, we found that the
hypothesized pattern of results was obtained for each of the three
dependent variables individually. As Table 19 shows, experts were more
af fected by the deep-structural change than by the surface-structural
changes in all measures, whereas nmwxperts were more affected by the
surface-structural changes than by the deep-structural cange, a result
that, again, showed up in all dqm-net measures.

To assess which of the dependent variables were primarily responsible
for the significant results, we ccted two follw-upniontat
analyses. The structure coefficients for the canoical, function that
separated the two expertise groups were 0.75, 0.55, and -0.25 for the
dependent variables of play tie, mnder of tricks won per game, and
nmber of gaes w, respectively, indicating that the differential effect

on the two expertise grups showed up most clearly in the time needed to
select a play.

do e second ir art analysis (for the interaction contrast) was
done separately for experts and nonaxperts. For experts, the structure
coefficients obtained were 0 97, -0.23, and -0.16 for play time, number of
tricks won, and number of ganes n, respectively. It apears that the
difference between surface changes and deep-s ctural change is primarily
a matter of time for experts. In other words, experts need more time to
deal with the deep-tfctural change than to deal with the surface
changes. the quality of their play, hoever, does not seem to be
differentially affected by the two types of changes.

For noeh erts, We found structure coefficients of -0.44, 0.21, and
o.66 for the dependent measures of play time, number of tricks won, and
number of games won, respectively. For less bridge players,
therefore, the difference between the types of rule changes is associated
with a difference in quality of play. Nonexperts do worse on the surface
changes primarily with regard to the quality of their performance.

Insert Table 19 about here

Adaptation to Rule Modifications
In addition to assessing the overall impact of the different rule

modifications on the two expertise groups, we wanted to examine how well
the subjects performed the new tasks after they had tim to adapt to the
changes. One way of addressing this question is to compare subjects'
performances on the experimental blocks 1 and 3 only. We therefore
com ted new percentage scores for each subject by taking the ratios of
block 3 performance and block 1 perfr on all dependent measures. A
xmltivariate analysis of variance on these scores revealed no significant
effects, indicating that both expertise groups had adapted quite well to
all three rule changes. In fact, experts appeared to have won back their
original speed and quality advantage over nomperts in the two
surface-change conditions. Excluding the abstract-charxe condition, we
obtained a marginal main effect of expertise, Wilks L-0.791, F(1,20)=2.29,
p<. 10, for the two surface-chane conditions. Block 3 means for these
conditions are shown in Table 20, separately for the two expertise
groups. =hen compared with the original performances in the unchanged
games (compare Table 18), it appears that both expertise groups, after
only a few practice games under the two surface rules, have "recovered"
already in terms of play time and number of tricks wan. The only variable
on which both groups did not reach their original level of performance was
the number of games won.

Insert Table 20 about here
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Mqperiumnt 1 was coduted to clarify the relation between expertiseand flexibility. We had hyoteized that tw variables, hapsly, the
organization of the kn1ledge base and the degree of procdnrlizati,
would affect the flexibility of a problem solver. 7he main results of
this study can be smamrized as follows. First, changes in task dmnar s
generally affect subjects who have highly proceduralized their
problem-solving strategies a re than those %ho rely on less proceduralized
strategies. Experts are generally mnre affected by the rule modifications
than nonexperts are. Secord, changes in task danarxs that are
InccupatIble with the structure of the knxwledge repree ntatin have more
prcn(Amced effects on suabjects' prublem-solving processes than have
changes that are cazpatible. Experts were more affected by the
deepstcural change than by the two srface changes, whereas nonexperts
were most affected by the surface changes. And finally, both expertise
groups seen to be able to adapt their existing k wzledge bases quite
rapidly. In all conditics, with the exception of the
deep- - ctural-rule-chanqe ocnditicn for experts, subjects reached
approximately their original performance levels after only a few games.

It is interesting to note that the differenc between surface and
abstract changes for a~cprt bridge players appears to be mo~st prcnnced
in the play-time variable, whereas for nonexpert players, the difference
between these two types of rule mdificatirr seem to manifest itself
1-rt clearly in a quality measure, namaly, the number of games won.
Apparently, experts use the acditonal time they need whe dealing with the
abstract change to employ ro and effective game strategies. thus, theirO inflexibility might reflect a difficulty in adapting their existing
knowledge base, rather than an inability to inhibit older solution
patterns.

Nonexperts, on the other hand, seem to perform particularly poorly in
the rank-order-chane condition, -ndicating that their inflexibility might
be primarily due to their inability to suppress older responses.

Generally, Experiment 1 provides moderate support for the hypotheses
that the degree of proceduralizaticn and the structure of the knowledge
base affect the inflexibility of a cgnitive system. One might object
that it is not sufficient to demonstrate that subject-groups that organize
their krwledge bases differently and rely on different degrees of
proceduralizaticn also differ in how inflexible they are, rather that, in
order to claim strong support for our hypotheses, we wculd have to show
that subject-groups that do not differ on the relevant variables are also
equally flexible (or inflexible). Study 2 was designed to test the latter
preictin.

In the second experiment, 34 bridge players of different levels of
skill were instructed to generate opening bids to given bridge hards as
quickly as possible. As Charness (1979) pointed out, even noivice bridge
players are able to generate a reasonable opening bid. Furthermore, the
choice of opening bids is based primarily on the distribution of
honor-cards and on the number of total cards per suit in a given hand.
Although there are a large number of different bidding eystems to
determine a bid, these systems are based upon the sam properties of hand-
and, generally, do not arrive at different opening bids. The selection of
an opening bid is a rather ccmplex --pitational process that, for most
players, does not involve any strategic considerations. With regard to
opening bids, more and less experienced bridge players are not expected to
differ in their classification of hands into bid categories. Thus, expert
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and novnexert bridge players do not use differently structured knowledge
bases. In addition, because of the absence of strategic cosiderations,
the capitatina1 process of selectin an opening bid can be expected to
be proceduralized rather quickly.

Ent 2 tested three hypotheses. First, experts and nonexperts
will select identical opening bids in the same amunt of time when the
original bridge rules are in effect. Secord, experts will generally not
be more affected by the rule changes than will nrmxperts. And third,
experts and nonexperts will not be differentially affected by the rule
modifications. In other words, there will be no significant interaction
between expertise and type of rule chame. Because the selection of
openirz bids is based primarily upon surface features of hands, we expect
both expertise groups to be more affected by the surface changes than by
the deep-structural change.

Subjects were the same as in Experiment 1.
Materials and

Exnerimental ts For the bidding task, subjects were seated in
front of a ocuputer screen and keyboard. They were shown slides with
"real" bridge bands on the wall just above the computer screen and were
instruted to select an opening bid as quickly as possible by pressing one
of the predesigned keys on the occpter keyboard. Bridge bards weret
displayed in the same way players usually hold their cards-with the cards
famed out. subjects were told that they could use any bidding system
they wanted, but that they should use it consistently during the whole

* session. Slide onset and offset were controlled by the computer. As soon
as subjects had responded to a slide, the next slide was autmatically
displayed and stayed visible until the opening bid was selected.

Subjects responded to 40 slides (bridge hands) in total. Half of
these slides were bid under noral urhanged bridge rules; the other 20
slides were bid under slightly modified bridge rules.

Tes of rule modifications. Types of rule modifications were the
same as those used in Experiment 1. They were: a nam daqe, a
rank-order change, and a lead change. In the name-cange condition, the
familiar card and suit names (ace, king, queen, Jack, and spade, heart,
diamrd, club) were replaced by nonfamiliar, nonsense names (rutz, lork,
dill, beib for cards, and pular, biref, ramog, kamer for suits,
respectively). The rank-order change modified the familiar card and suit
rank orders (ace, king, queen, jack to king, jack, ace, queen,
respectively, for cards, and spade, heart, diamond, club to diamord,
heart, club, spade, respectively, for suits.) The lead change modified
who began each play. Instead of the player who wn the last trick, the
player with the lowest card in the last trick led into the next trick.

Slides were blocked with regard to the rule modifications. The first
10 and the last 10 slides were bid under normal corditions, the rest under
one of the modified corditions. Each subject received only one
modification in the task. Bids and reaction times were recorded by the
coopter.

Independent between-subjects variables in this task were level of
expertise (nonexpert, expert) and type of rule m idification (name change,
rank-order change, lead change). Slide (1 to 40) was a within-subjects
variable. In each expertise group, subjects were randomly assigned to one
of the zhree types of game modifications, with the restriction that no
subject received the same type of change she had already experienced in
Experiment 1.
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Reliabilities of Dee n Variable
As Table 21 shows, all of the item and subject reliabilities

(C1robach's alpha) for the depedent variable bid tim were in the high
.80's and .90's, which is considered very satisfactory for data-analytic
Poses

Insert Table 21 about here

Base-line Performance (Block 1)
Basic statistics for bid ties in the varinu exer al onditions

are shown in Table 22. Means are listed as a function of expertise, type
of rule umdification, and block. As in the previous experiment, the
within-subjects factor of slide (1 to 40) was broken down into four blocks
of 10 slides each. Blocks 1 and 4 cotained only slides that were bid
under the normal bridge rules; blocks 2 and 3 contained slides bid under
modified rules. Hypothesis 1 predicted that all subjects wozld choose
identical opening bids in the same amt of time. A comparison of
experts' and nr=mxerts' bid ti prior to any rule midification (block
1) revealed what we had expected. Although experts bid faster thmn

e (7.79 sec. for experts, 9.51 sec. for rmxperts,
respectively), this difference was not statistically reliable,
F(1,28)-2.73, p>.10. Aparently, all subjects had proceduralized the
strategy to select an cpenir bid to roughly the sam extent.
Inter-subject greemnt with regard to which bid to choose was very high,
90.10% and 79.22% for the ==pext and expert grous, respectively. In. adition, the opening bid lst favored by the nonexperts was identical to
the one preferred by the experts for all twenty bridge hands that were bid
uder the original rules. Ms, experts and nonrlxrts tended to select
identical opening bids in aPrcncimately the sam amunt of time.

Insert Table 22 about here

Effects of Rule Modificatior
Hylt eses 2 and 3 predicted that experts and noRneqrts Would

generally be equally affected by the rule modification and that both
grcpe would be more affected by the surface modifications than by the
abstract change. As in Experiment 1, where we assessed danges in the
dependent variables that were due to the rule iacdficatio , we omprted
percentage scores by dividin each subject's bid time in the changed games
(averaged across blocks 2 and 3) by her bid time in the regular games
(averaged across blocks 1 and 4). An analysis of variance on these scores
revealed only a significant effect of type of rule uxification,
F(2,28)-3.59, p<.05, accouting for 19.64% of the total variance. Figures
3 and 4 show that all subjects were more affected by the surface changes
than by the deep-structural change. Also in accordance with the
hypotheses, the main effect of expertise and the interaction of expertise
with type of rule modification were not significant, p>.10.

Inset Figures 3, 4 about here

The major purpose of e 2 was to suport our claim that
expertise and flexibility a stroly linked in a cognitive system.
Experimrnn 1 had d-strated that different degrees of prvceduralization
and different korwledge-base structures lead to differences in the ease
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O with which subjects can deal with ravel task dmards. In Experiment 2, we
showed that subject-groups that do rot differ on these two variables also
do rot differ in how flexibly they can use their existing knowledge. The
results of Experiment 2 strenthen our claim that the degree of
proceduralization and the structure of a knowledge base affect the
flexibility of a cognitive systm.

Experiment 3
In Exerimnts 1 and 2, we were primarily cmerned with the

differential impact of surface-stnutural and deep-structural rule
nodificatims on expert and ncrAxpert bridge players and with the
mechanis of interference in the lead-change condition. So far, however,
we did not discuss the mechanism of interference for the two
surface-structural rule nodificatims. Whereas subjects' prolems with
the lead change can only be explained in terms of cAnceptual levels of
processing, subjects' difficulties with the nam and rank-order changes
might, either in addition to interference on the coneptual level or
solely, be attributed to perceptual pihenmna. It might be argued, for
instance, that the surface modificatiors affected all subjects primarily
at the level of encoding and only to a minor degree at a onceptual
level. Or alternatively, that experts were most affected on a perceptual
level whereas ranexperts were mst affected on a coceptual level or vice
versa. Experiment 3 was designed to test the effects of the nme-change
and rank-order-change conditions at the level of encoding.

In Experiment 3, players of differing skill levels were shown slides
of bridge hands (13 cards displayed in a fanned position) in exactly the
same way they usually perceive bridge hands. Slides were visible for only
5 secants. After slide-offset players were asked to write down as many of
the cards as they could rememer. They had the option of watching the
saw slide as often as they wanted to until they had written down all 13
cards of the seen hand. Half of the bridge hands shown were structured in
the same way players usually structure their hands; for the other half,
features of the visual display were changed so as to correspond to the
nm-change and rank-orde-change conditions used in Experiments 1 and 2.
In the name-change ondition, the letters on hwr-card were changed to
nw arms. In the rank-order cmdition, the familiar rank orders of suits
and high cards were changed; consequently hand displays mirrored the new
rank orders. Reaction time, number of cards written down per trial, and
number of cards correctly identified per trial were recorded.

Subjects were the same as in Experiments 1 and 2.
Materials and Procedure

Experimenl task. Subjects were seated in frn of a oaputer
screen and keyboard. ey were shown slides with bridge hands (13 cards
per hand) on the wall just above the ocaqiter screen in a distance of
approximately 1.50 meters. They were told that the bridge hands would
stay visible for 5 secords and that they should try to memorize as many
cards as they could. Slide onset and offset were controlled by the
ccmpzter. As soon as a slide disappeared subjects were prcmpted to write
down as many cards as they couzld remmber using special predesigned keys
on the ccputer keyboard. Subjects had the option to view a slide as often
as they wanted. They were instructed to watch a slide as often as they
needed to write down all cards of the bridge hand.
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Subjects responded to 40 different slides or bridge hands. Half of
these slides were shown adiptig the ccm ly used hand strucrin
(ordered for suits and rank of card within suit); for the other 20 slides
the visual display was hanged in one of two ways.

Tyes of displav mudificatios. The two types of rule modifications
used in eriment 3 w re the two surface changes used in Exprin 2
and 3. They were a n change and a rank-order hange. In the
name-charnge o itin, the familia card and suit names (ace, ki,-, queen,
Jack, and spade, heart, diamond, club) wme replaced by rnfamiliar,
nmisense names (rutz, lork, dill, bedb for cards, and pular, biref, ramog,
kamr for suits, respectively). Thus, the letters qperir in the
corners of a card identi*irq ace (A), king (K), gueen (Q), and Jack (J)
were replaced by R, L, D, and B respectively. In the rank-order-chane
conditicr, the familiar card order (ace, king, queen, Jack) was changed
to kirq, Jack, ace, queen, and the familiar suit rank order (spade, heart,
diamnd, club) was changed to diaod, heart, club, spade. In this
conditicn, only the structuriM of cards within suits was changed in the
display. The third condition was a control condition in which subjects
saw only regularly structured hands.

D n t variables were the number of cards subjects wrote down
after each 5-sec. glance (Total), the number of cards they identified
correctly (Correct), and the average tim they needed to write down the
cards they remmbered (RI'). Independent between-subjects variables wwa
level of expertise (r=auxert, expert) and type of display chame (name
change, rank-order change, control). Slide (1 to 40) was a within-subjects

*variable. In each expertise grop, subjects were randcmly assigned to one
of the three types of modifications with the restriction that no subject
received the type of modification she had experienred in r 1 and
2.

Because some of the subjects were able to identify all 13 cards of a
bridge hand after their first 5-sec. glance, data analysis was limited to
subjects' first trial on each slide.
Reliabilities of QD d= Vari

Table 23 lists the reliabilities for all dependent variables on both
nrmal-display and modified-display trials. As can be seen, most of the
reliabilities are in the high 70's or above. Reliabilities for the
modified-display trials are generally lower than thcse for the
rmal-display trials. This is particularly true for the subject

reliabilities. Overall, however, the raliabilities are quite satisfying.

Insert Table 23 about here

Correlatios AMM DM2KXeen Variables
Table 24 show the correlations between all pairs of dependent

variables. of particular interest is the correlatin between speed and
quality of subjects' responses. As can be seen, reaction tim (W)
corr eated significantly negatively with the number of cards subjects
wrote down (Total) and with the number of cards they raearered correctly
(Correct), indicatirq a speed-accuracy tradeoff betwen speed and quality
of subjects' responses. The faster subjects responded the more likely. they were to falsely identify cards. The significant correlations arg
the dependent variables point to the use of multivariate techniques as the
appropriate means of data analysis.
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Insert Table 24 about here

Basic tatist
As in Experimnts 1 and 2, the within-subjects factor of slide (1 to

40) was broken down into four blocks of 20 slides each. Basic statistics
for experts' and novices' performances in the four blocks are shown in
Tables 25 and 26. Means on each of the three dependent variables are
listed as a function of type of display change and block.

Insert Tables 25 and 26 about here

Base-line Performnce
Table 27 shows the means for the two expertise groups on each of the

three dependent variables for those trials that were displayed under
regular conditions. Because the dependent variables were significantly
correlated, a miltivariate analysis of variance was performed. For the
main effect of expertise, Wilks D-0.764, F(1,32)=3.09, p<.05. Experts
responded faster, wrote down more cards in total, and correctly identified
more cards than did novices. In order to decide which of the dependent
variables contributed most toward the dicrimination of the expertise
groups, a follow-up d analysis was conducted. Because there
were only two groups to separate, only one non-zero eigenvalue could be
obtained, accourq for ap~oximately 8% of the total variance. The
structure coefficients of the dis function were -0.38, 0.83, and
0.93 for the dependent variables of RT, Total, and Correct, respectively,. indicating that experts' encoding superiority reveals itself more clearly
in the amount of information they can take in than in the time they need
to do so.

Insert Table 27 about here

Ncs in =MUM Ability due to Modifications of the Visual Dismla
Table 28 depicts the mean percent increases or decreases in the three

dependent variables (relative to individual base-line performances) for
the two expertise groups in all experimtal conditions. A two-way
multivariate analysis of variance with expertise and type of display
modification as irdependent variables found only the main effect of type
of display change to be significant, Wilks L-0.58, F(2,28)-2.72, pc.05).
Both display-change conditions differed from the control cordition (Wilks
L=0.74, F(l, 28)=3.08, p<.05 for the name-dange condition; Wilks L=0.76,
F(1,28)=2.73, p<.07 for the rank-order-change condition), but not from
each other. The main effect of expertise and the interaction of
expertise e of display change were not significant. Thus, experts and
nonexperts did not differ in the extent to which they were affected by the
display changes in any of the experimntal conditions.

Insert Table 28 about here

Digousion
The three major results of Experiment 3 can be summarized as

follows: First, replicating Charness's (1979) earlier findings for the
domain of bridge, we found that experts encoded maningful information
faster and with fewer errors than did normoperts. Second, the two types
of display changes did not differ in their effects on subjects' encoding
abilities. And finally, experts and nonexperts were not differentially
affected by the two types of changes of the visual display.
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The fact that experts and rlxperts were not differentially affected
by the two types of changes has iiportant imlication for the discssion
of i 1 and 2, sugestin that the effects of the
surface-structural rule modifications obtained in these studies might, for
both expertise groups, be partly due to the disruption of normally
occring ercodirq processes. The findings of Experimnt 3 do not support
the argument that the surface cmanges affected experts primarily on a
perceptual level and nmexperts primarily on a oceptual level of
infomation processing or vice versa.

Ieea Discussion
The three experiments described in this report were conucted to

explore the relation between expertise and flexibility. Studies
investigating the nature and develcpmnt of expertise typically focused
upon the benefits of mastery in a domain, that is, they addressed the
question of why it is that experts perform more quickly and better than
rnmxperts do. In contrast, we argued that greater expertise does not
necessarl y result in superior performance in all instances. In fact, we
hypothesized that the very sams mechanism that are responsible for
experts' Isomtimes amazing performances on coventional, familiar tasks
might work agaist thmwh they have to deal with novel task demands.
Specifically, we assumed that two variables, the degree of
prockeuralization and the oanzation of the knowledge base, can cause
two different types of inflexibility, the inability to inhibit edstinM
response patterns, and the inability to modify an existiM system of
knwledge.

The results of the research presented in this report can beS summarized as follows. First, problem solvers who have proceduralized
their solution strategies are less flexible than ones uho have not.
Experts were generally more affected than nonexperts when task dmzxls
changed. Second, problem solvers are less flexible when dealing with task
modifications that are incampatible with the structure of their knowledge
representations than when dealing with dmanges that are ocapatible. We
found that experts were more affected by deep-structural changes, whereas
ronexperts were more affected by surface changes when the two groups
stheir knowledge representations differently. ien both groups
cperated on the same knowledge base, they were not differentially
affected. Third, all subjects were able to adjust to new task demands.
In aust conditions, they returned to their original levels of performance
quite quickly. And finally, the effects of the two surface-structural
rule manipulations might for all subjects be partly due to perceptual,
rather than conceptual #=enuna.

on a general level, it can be argued that the findings reported in
this report are due to negative interference of previously acquired
knoxwledge on the acquisition of new knowledge. The basic form of this
interference might be considered a variation of the c A-B, A-C
framework, used in studies of associative learning. Bower (1974) pointed
out that interference theory need not be restricted to meaningless
material or to "factual details." In our work, subjects experienced
interference when they were required to reason with partly novel concepts,
with information, that is, that was only partially umanhmxful in terms of
prior knowledge.

This particular interpretation is very closely related to Sternberg's
(1981, 1982) discussions of "nonentrecd" conepts and Tetewsky and
Sternberg's (1986) work on the conceptual and lexical determinants of
.. trenched thinking. Theoretical accounts of negative interference

efiects in associative learning, as mentioned in the introduction, have
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.epihasized different components of flexibility. Proactive interference
(e.g., Underwood, 1957) and list dicrimination theories (e.g., Sternberg &
Bower, 1974) describe negative interference effects primarily in terms of
subjects' inability to inhibit older, previously established associations,
whereas organizational theory (e.g., Tulving, 1966) tries to link than to
adaptation difficulties. Our data suggest that the type of interference
that occurs might be related to the organization of prior knowledge and to
the extent that proceduralized strategies are being used. Apparently,
prlam solvers with less structured and less proceduralized knowledge
systm (nonexperts) have more difficulties inhibiting old responses than
they have modifying their knowledge representations. Problem solvers who
rely on highly structured and proceduralized knowledge systems (eperts)
on the other hand, seem to experience most difficulty when modifying priorknwlede.

The experimental findings reported here can also be discussed with
regard to recent theoretical developments in the field of intelligence.
It has lor been a traditional belief that intelligence can be
characterized, in part, as the ability to acquire new information.
Several theorists have proposed that the ability to deal with novel, and
particularly, partially novel information is an integral aspect of
intelligence (e.g., Berg & Sternberg 1985; Cattell, 1971; Horn, 1968;
Raaheim, 1974; Snow, 1981; Sternberg, 1985). The present findings suggest
that this ability can reflect inter-subject differences in dumain-specific
strategies and categorization of knowledge.

This interpretation also lends itself very easily to a phenomenon
that has been reported frequently in the developmental literature: theOdecline of fluid intelligence with age (Horn, 1968). Our data suggest
that this decline might be due, at least in part, to the proceduralization
of responses to highly recognizable and familiar situations, and to the
organization of existing knowledge bases. In other words, by being more
"expert" at performing a range of familiar tasks, older individuals might
experience an impairment in performance when a novel task cumpetes with
what is already known.

In summary, the research presented here touches upon several
important issues within cognitive psychology. We hope to have
demonstrated that the costs of expertise can be fruitfully exploited not
only to unravel the mysteries of mastery but also to urderstand basic
cognitive principles.

cmceptual and LIxical Determinants of Nontrezced Thinkig 4

We rely on our knowledge of the world to make inferences and to form
expectations. 7he various schemata and concepts that are stored in our
memories permit us to understand the conplex relationships that we
experience in our everyday lives. Although our knowledge allows us to
deal with a broad range of situations, there are limitations to its
usefulness--when we encounter something that is unfamiliar, such that it
fails to conform to cur expectations, we tend to make incorrect
inferences. These errors reflect a furdamental aspect of human thougt
because whenever we experience something new, we have to deal with it in
terms of what is familiar and old-fashioned (Oppenheimer, 1956).

7he question of why we find it difficult to make valid inferences in
unfamiliar situations is implicit in Goodman's (1955) "new riddle of
induction." Goodman's philosophical argument, reviewe by Skyrms (1975)
and by Sternberg (1982), implies that certain events are quite natural and
others are quite unnatural. We expect the former kinds of events, but not
the latter kinds of events, to occur. Goodman argued that as a result of
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our cultural , we develop certain ter to deal with am
everyday lives. These "entrenched predicates" cause us to favor certain
inferences aver others even thau the available evidence supports several
different conclusions.

Goon's ahilocibical ideas about "entr ercmnt" are related to a
psychological i that was first explored by Barlett (1932). 7e
subjects in Bartlett's experiment were required to rmer stories that
ca from a foreign cultural and social envirmrt. T nature of these
stories caused subjects to make a number of systematic errors. Bartlett's
work has traditionally been used to suport the idea that when we recall a
text, we remmer a general schma and we use this schema to remnstruct
the specific details of the text. However, his work also suggests that
one we have a knowledge system that describes how the world is ordered,
it is often quite difficult to consider alternative ways of thinking.
This interpet-aticai is copatible with the work of Maier (1931) and of
Duncker (1945), who showed that prior knowledge can impede problem solving
throuh the medcanim of "functional fixedness."

Goodman's pLilcscoica' idea about entre hed predicates appear to
have sam interestin psychological inplications. he studies cited above
suggest that when we try to cprehed fomation that is

fP 1 W experience interference fromuour prior knowledge.
However, it is important to specify the precise maning of z Xxt-re-nc-hn-m-nt
and the ewct nature of the associated interference. In partiacular, it is
necessary to determimne whether r ntrerxtznt is different fru
unfamiliarity, and it is also necessary to specify the corditions under
which prior knowledge will cause iteferne in prooessirM antrenchedOconcepts. Th research reported in this article was designed to adress
these isses by explori the psychological reality of L

Several attapts have been made to aIsr uish between "natural"aid
Runnatural" concepts aid between entrnced and ntrRsed concepts.
Rips (1975) dealt with the nar of entrenhed bct by ahin that
representative (or prototypical) instances of a category facilitate
inductive generalizations, ompared to less representative (or
prototypical) instances of a category. He therefore equated entreancment
with representativeness. Osherson (1978) formally considered the various
theoretical issues that might be dealt with in between
ntral and unnatural coxepts. For example, he sulested that natural

crcepts are re likely to figure in law-like generalizations (i.e., they
are more "projectible") and that they should faciIitate deductive
reasoning in coiarison to unnatural conepts. Odhrson's work was mainly
t real, rather than empirical, em9hasizirg the formal constraints on

natural concepts. Finally, Moil (1979) has argued that natural concepts
are for at of basic " ia eor ies," which refer to the most
general categories of thinrs in the world. For example, a natural concept
might contain the category of all living things, whereas an unnatural
concept might be made of humans and plants, without als incluing
nonhuman animals. Mill' work therefore emap-asizes the structural
differences between natural and unnatural oncepts.

In clitrast to these analyses Sternberg (1982) directly studied the
processing implications of natural and unnatural ccepts by desiging a
reasoning task based on Goodman'sa (1955) raw riddle of induction. For
example, in oru experiment, an unnatural concept was described by the word
"grue," which. referred to an cbject that was green in the year 1977 and
turned blue in the year 2000. The correspnding natural concept, which
did not involve a transformation, was described by the term "green." This
term referred to an object that was physically green in the year 1977 and
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was also green in the year 2000. Sternberg proposed three alternative
hypotheses to explain why natural ccepts, such as green, might be easier
to process than umatural ones, such as grue: (a) natural concepts belong
to the conceptual system with which we grow up and so they are more
entrenchd in ou exDerience; (b) natural cotepts do not carry an
expecation of cwh e and so they are "simpler," psychologically, to
process; and (c) the effects of simplicity and euaL .. ment may operate
jointly such that natural cocepts may be both simpler and more entrerKced
in our epiSrce. The results of Sternberg's research indicated that
both en:treimint and simplicity contributed to ease of inforatio
processing, but that the effect of simplicity was greater than the effect
of entrencbment.

te present work was undertaken to extend Sternberg's (1982) work by
clarifying the nature of Xa.&IaUt&memmii. A reasoning was designed in
which the naturalness of a concept and the type of nam used to define
that concept could be independently varied. A cptual system was found
in which the content could be expressed in four different forms, such that
two levels of concepts (natural or unnatural) could be crossed with two
levels of names (familiar or novel). The underlyng assumptio for this
design was that concep naturalness and lexical familiarity might be
important, singly or in combination, in distinuishirg between entrenched
and J6 Itiibe ocepts.

In the first experiment to be described, subjects were required to
solve reasoning problems in which they had to select img alternative
projectins about .. rrrncs in the envirunnt that relate to seasonal
charges. It is quite natural for the leaves to charge color in accordance.with the season (at least in Now Igland!). HJever, it is not at all
natural for us to think that rocks will change color according to a
seasonal pattern. Analogously, seasos can be identified by the names

, f11, !dnter, and , or they can be given navel nams, such
as soc, tl Up, and m. By using these two sets of ocepts and
names, the following four situation were constructed: (a) famili a
seaso nms describing states of the leaves; (b) novel season nrams
describing states of the leaves; (c) familiar season nams describing
states of the rocks; and (d) unfamiliar season na describing states of
the rocks. In the second experient, subjects we required to make
projections about events in the enruunt that relate to periods of the
day. In this context, it is natural to identify a period of the day by
noting the position of the sun relative to the horizon and it is quite
unnatural to expect that minerals will change shape as the day
proresses. Also, the periods of the day can be identified by the names

, dusk, , and dawn, or they can be given novel names such
as tr , , , and vi . By ustinghese two set of concepts
and names, a set of four situations was constructed that was structurally
equivalent to that describing seasons in the first experiment.

Subjects in each of these ccrditions were given descriptions of the
beginning and end of a season (or the beginning and end of a period of the
day) and were required to make inferences rearding the events that
occurred. The problems were presented in individually as "selection task
items." The ease with which subjects made these judgments was measured by
both latency and error indices. A model of inf processing was
also tested for the latency data obtained in each of the four tasks. In
addition to requiring solution of selection-task items, these experiments
also required subjects to solve sets of reasonin problems, which were of
varyir degrees of difficulty. Many of these problems were similar to
ones drawn from pic intelligence tests. The selection task items
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. therefore provided a way to asses the extent to which psy emydtrically
measured intelligence is associated with the ability to reason within rw,
conceptual systems.

Models of N netoemn.
These experiments presented an mo .tunity to c are different

structural models for nonentrenched oonaqpts. The potential effects of
lexical familiarity and coceptual naturalness on x can be
described in t of five basic models, which are shown in Table 29. By
evaluating each of these models, we can determine the extent to which
A IMIU"AL= can be explained in term of unfamiliarity or interference
from prior knxwledge. Analysis-of-variance contrast weights are used to
represent the patterns of reaction time and error rates that daacterize
each of these models.
Model

In Model 0, the null case, there is no effect for either lexical
unfamiliarity or onceptual unnaturalness. This model implies that the
construct of nonentreri~usnt is not psyChologically important. In
essence, this model represents the null hypothesis.

In Model 1, the locus of nmwnre nt can be found entirely in
conceptual unnaturalness; according to this formilation, lexical
familiarity is not a source of ter ce.Model2

Model 2 shows the coplementary situation, in hich the locus of
unmitroxft can be found entirely in lexical unfamiliarity; according
to this formlaticn, conceptual naturalness is not a source of
interference.

Insert Table 29 about here

M 3
Model 3 describes the situation in which lexical unfamiliarity and

conctual unnaturalness both contribute to rcrar=,Irt-re rnt, such that
their effects are additive. This model I i between two levels
of nWtr w4 1 t. On one level, represented by "0" in the table,
sum wa iii is characterized by using either familiar ns to denote

unnatural xoco re s of unfamiliar nams to denote natural c-awrences.
On another level, there is a re difficult form of n nIr :nIt that
involves using unfamiliar naes to denote unnatural ocourences. This
model therefore involves both unfamiliarity and unnaturalness contributing
additively to wLEtrJf 1 . Moreover, if we asm that unnatural
concepts are in some sense unfamiliar, this model also indicates that the
overall mount of unfailiaity in a oceptual system defines the extent
to which that ep system is 1L2-tren'd.

Finally, Model 4 describes the situation in which AINItrurtmant is
defined by an interaction between lexical unfamiliarity and
unnaturalness. Arding to this model, there are two equivalent types of
noentrernced cocepts, one in which fami Ia names denote unnatural
occurrencs, and another in which unfamiliar names denote natural
occurrences. Nonentrenint is the result of an interference effect, in
which the interference is generated by either a familia name or a natural
concept, but not both simaltae ly. This model therefore shows that
nmV=Itr *-& &t is distinct from the overall unfamiliarity of a given

conceptual system.
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ExPerimnt 1

2& Subjects were 96 Yale at who participated for
ouxrse credit, monetary payment, or both. Subjects were rantl1my assigned

to one of four ccnditions, with 24 subjects in each conitin. A separate
group of 25 undergraduates taking a develpmtal pwchology course at
Yale gave respes to a set of bacNgramd survey questions.

ktas. The basic materials were selection-task items presented
via a tadhistoscope and psychometric inductive and deductive ability tests
presented in a paper-and-pencil format. In addition to the standardized
ability tests, subjects were given a set of problems that have previously
been used to study insight (Sternberg & E-idson, 1982).

The selectis-task items were modeled on previous prblem used by
Sternberg (1982). Items were developed in which a ccmmm "deep" structure
was used to generate four different "surface" structures. In each of the
four sets of items, the problems were based on the initial premise that
the seasons of the year allow one to predict certain ocaurrences in nature
and that, in turn, these ccuzn s identify what a given season is.
Each problem contained two pieces of information. The first piece of
information described a situation at the beginning of a season and the
second piece of information provided follow-up data from the end of the
sam season. Because each of the four variations of the task were
similar, only one version will be described in detail. n other
variations will be described more briefly.

The premise that served as the model for the other three versions of
the task stated that in New Haven, the beginning and end of each season. are marked by the fact that the leaves will be either green or brown. In
summer, the leaves are green at the beginning and at the end of the
season. In fall, the leaves are green at the beginning of the season but
are brown at the end. In winter, the leaves are brown at both the
beginning and end of the season. And, in spring, the leaves are brown at
the beginning of the season but are green at the end. Subjects were
required to use this information to solve a series of reasoning problems.

Each problem was presented on cau card. Each term of a problem could
cotain one of two forms of information. The descrption could be either
a picture of the leaves, indicated by a green or brown circle, or the name
of a season that represents a decision about what season it is, based on
the color of the leaves at the time the observation was made. Information
about the leaves at the beginning of the season appeared on the left and
informaticn about the leaves at the end of the season appeared on the
right. Because each of two descriptions of the leaves (co at the
beginning of the season and or at the end) could take either of two
physical forms (brown or green) or four verbal forms (an inference based
on a season name), there were 6 X 6, or 36, distinct items.

The subject's task was to describe the leaves at the end of the
season, based on the information provided in the problem. If the given
description for the end of the season was a picture of the leaves, the
subject has to indicate the correct name of the season. If the given
description for the end of the season was a name, the subject had to
indicate the correct color of the leaves. 7here were always three answer
choices, frm which the subject had to choose the correct ane. These
alternatives appeared below the problem steim.

There were four different types of problem. Item either had two
season names, a picture followed by a season name, a season name followed
by a picture, or two pictures. In the first two types of problemm,
subjects had to determine the color of the leaves at the erd of the
seascn-in the other two problems, subjects has to give the name of the
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. season consistent with the given information. Subjects were alerted to a
further complexity in the selection task, which also applies in the real
world. At the begiring of a season, it is ipossible to distinguish
summr frcm fall or spring from winter, if the only available information
is the initial color of the leaves. Also, the names "summer" and "winter"
imply that the leaves will remain the same color, whereas the names
"spring" and "fall" imply that the leaves will dange color by the end of
the season. For the problis in which the first term was the name of the
season, this name correctly described the color of the leaves at the
beginning of the season, but only predicted what color the leaves would be
at the end. This prediction might not correspoari to the color that was
described by the second term. Thus, it was not possible to know for
certain the color of the leaves at the end of the season or to know for
certain the true season. Mhen the first term of the proble was a picture
of the leaves, this camplexity did not exist, because a physical
description carries no implication regardirg the future physical
appearance of the leaves.

Although this uncertainty in prediction did not exist for information
describing the leaves at the end of the season, there was a related
problem associated with the second term. when a season name described the
leaves at the end of the season, it could be assumed to provide correct
information about both the begiiming and the ending color of the leaves,
because assessments of the season made late in the season were based on
observations of the leaves througout the entire season. For the probles
in which the second term was a name, however, this season name could be
"inconsistent" with the starting color of the leaves, as defined in the. first term of the problem. For example, if the first term were "Stmammr,"
this name means that the leaves were green at the beginning of the season
and predicts that they would be green at the end. If the secord term were
"spring," this name means that the leaves were brown at the start of the
season and eventually turned green. Because the leaves carnt be both
brown and green at the beginning of the season, this problem describes an
inconsistent situation; as a result, it was impossible to determine the
color of the leaves at the end of the season. 7he correct answer was thus
"inconsistent."

To smmarize, physical descrptions, which carried no necessarily
correct implication for what the leaves would look like at another time,
were always accarate with respect to the appearance of the leaves at the
time of the description. However, they might not be accrate with respect
to the appearance of the leaves at the end of the season. A camplete
listing of the 36 distinct problems can be found in the Appendix.

This experiment attempted to assess the extent to which various
snsal yst are more or less "entr.ted" by coparing how

different problem contents and forms affect reasonin. In the form
mentioned above, subjects were required to reason within an entrenched
framework. The other three forms of this task varied either the
naturalness used, or both. It is expected that leaves will alternate
between green and brown as the seasons change. However, it is not at all
normal to expect that rocks will change from oramne to blue with the
passage of seasons. Similarly, the terms er, fall, winter, and spring
carry certain connotations about the seasons they nme, but the neologisms
soob, trit, blen, and mave do not carry any unequivocal information about
the physical world. Because there are two types of concepts (natural and
unnatural) and two types of names (familiar and novel), there are 2 X 2 or
four possible versions of the season-color information.
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In a second cordition, subjects were told about the distant cauntry of
Latzania, where the leaves change color just as they do in New Haven, but
the seasons are called trit, blen, mave, and soob. In a third condition,
subjects were told about the planet Kyron, where the seasons are called
smmer, fall, winter, and spring, but are marked by the fact that rocks
change from blue to orange or frm orange to blue. In the fourth
cormditicn, subjects were told about the planet Kyrin, vhe the seasons
are called trit, blen, mave, and soob, and can be dished by the
fact that the rocks vary from orange to blue, according to a systematic
pattern. Each of the four tasks is summarized in Table 30.

Insert Table 30 about here

Using each of the conditions described above, three more sets of 36
problems were generated that were structurally identical to those
described for the case of New Haven. The only difference among the four
tasks involved the surface structure of the item, as defined by a
particular concept-language combination. This manipilation of content
made it possible to identify the locus of x nn.

The ability tests used in the experiment were geametric series
ccapletions (Abstract Reasoning) fru the Differential Aptitude Test
(Bennett, Seashore, & Wesman, 1973), letter and number series completions
(Reasoning) from the SRA Primary Mntal Abilities, adult level (Thurstone,
1962), and deductive syllogisms (subtest 3) and confirming the validity of
conclusions (subtest 9) from the Watson-Glaser (1964) Critical Thinking
Appraisal.

The survey requested subjects to rate how com it is, in their
experience, for either leaves or rocks to change colors with the seasons.
In additicn, subjects were given an array with the names "smznr," "fall,"
%inter," and "spring" on one side and the four possible blue-orange or

brown-green pairings on the other side. Their task was to match one
season nam with one of the four physical oc'!rrences. Subjects answered
questions about either leaves or rocks, but not both.

Dis . The overall design placed subjects within a 2 X 2
betweer-subjects factorial arranghe. T primary deperdent variable
was solution latency; a secordary dependent variable was error rate. In
item construction, independent variables were the six possible state
descriptions [(e.g., in the case of New Haven, summer, fall, winter,
spring, G (green circle), and B (bron circle) crossed with the two
possible ties of occurrence (the begirdng and end of a season)]. All
subjects saw each of the 36 possible item types three times, with the
correct option in a different location each time. The item in each task
variant were grouped into three blocks so that a subject had to complete
an entire set of 36 items before seeing an item for a subsequent tim.

Each subject was randomly assigned to one of the four versions of the
selection task. For items in which subjects had to determine the color of
the leaves at the end of the season, distractors consisted of an incorrect
picture and an "indeterinate" (I) option, to correspond to the
possibility that the information in the problem could be describing a
self-contradictory and hence, i-xeterminate situation. For the items that
required subjects to determin the name of the season, distractors
consisted of two of the three possible word distractors balanced over the
three replications of the task for a given experiment. hus, each
possible word distractor appeared equally often across item replications.
In the three versions that described the seasons in Tatzania or on Kyron,
four counterbalanced forms of the items were constructed so that each
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Oseason name was paired with each of the four physical occrrrences (two
concepts describing a physical change and two cmxxepts describing constant
physical states) only once. For example, in Latzania, the season that
wold correspond to srmmer was soob in Form A, trit in Form B, blen in
Form C, and mave in Form D. Mis scheme was followed for each of the
other three seasons. This method of counterbalancing was not applied to
the New Haven scenario, however, because this scenario did not have any
possible alternative forms. Subjects who filled out the survey were given
or of two alternative forms of the questions. The forms differed in the
order that the season names were listed, so that subjects would not be
biased in favor of choosing a particular season nam for any one color

Amaau. Selection-task items were administered on an Iconix
tachistoscope with attached millisecond timer. Subjects signaled their
respo m by pressing the utton corresponding to the a rate answer
option. Psychcmetric ability tests, insight problems, and the survey were
all a-ministered in written form.

. Subjects completed an informed consent frm and then were
given instructions for the appropriate task. The instructions were rather
lengthy and required subjects learn how to solve an entirely new set of
reasoning problems. Because of the cumplexity of the task, after each
subject finished reading the instructions, the experimenter reviewed the
essential elements involved in each of the four types of problems. Then
subjects received eight practice items, two of each of the four types of
problems described earlier. Wen needed, extra practice items were
provided until subjects were able to give correct responses andOdemonstrate that they were aware of the different requiremants of each
problem. Subjects were instructed to solve the items as rapidly as they
could under the constraint that they be as accurate as possible. After
the practice trials were over, subjects received three randomized blocks
of 36 problems, each of a different type. Each of the 36 problem types
appeared once in each of the three blocks. Items were drawn on separate 6
X 9-in. cards. Each answer option was correct equally often in each block
(12 times per block). The experimenter initiated each trial. The
millisecord clock started as soon as the stimulus was illuminated in the
tachistoscope. It stopped as soon as the subject pressed one of the three
answer buttons. In general, feedback was not provided during
selection-task trials, unless subjects made three errors in a row. This
feedback was given to ensure that subjects were aware of the various
intricacies involved in the different types of problems. Of the 96
subjects who participated in this experiment, 12 were given feedback. The
selection task usually took about 1 h. to administer.

The ability tests were administered at a later tim in small groups.
All tests were timed and subjects were told to co plete the tests as
quickly and accurately as possible. The various tests were always
presented in the following order, under the specified time cortraints:
(1) letter series (2 1/2 min), (2) deductive syllogisms (6 min), (3)
number series (2 1/2 min), (4) confirming the validity of conclusions (4
min), (5) abstract reasoning (12 min), and (6) insight problems (20 min).

Information-Processing Model
A proposed information-processing model for performance in the

selection task is shown in Figure 5. Information processing is assumed to
be serial with respect to the component processes in the model. Each
process is assumed to contribute additively to total solution latency, and
each process was assigned a mathematical parameter to represent its
duration. This mgdel is similar, but not identical, to the model used in
Sternberg (1982).

Insert Figure 5 about here
-- -- - -- - -- -- - -- -
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Basic Statistics
Main .Basic statistics for the groups defined by the 2 X 2

design are provided in Table 31. Each solution tins is based on 108
oservations per subject, averaged over the 24 subjects in each group. An

Insert Table 31 about here

analysis of variance was done on the reaction time data. The main effect
of concept (leaves turning brow, and green versus rocks turning orange and
blue) was not significant, F(1,92) - 1.21, p > .05. 7he main effect of
language (caixi or novel season rames) also was not significant, F(1.92)
= 1.87, p > .05. Hwmver, the concept X lanuage interaction was highly
significant, F(1,92) - 7.64, p < .01. The analysis of variance on the
error data yielded the same pattern of results. The main effects of
concept and language failed to rea significanc, F (1,91) - .03 and
F(1.92) - 1.76 (p > .05 in each case), respectively. The interaction
between these two effects was significant, F(1,92) - ii.00, p < .01.
These results show that the items in sets 2 and 3 were the most difficult
to reason with because they produced the longest latencies and caused
subjects to make the most errors. Ths, as described by Model 4, a

1 5MIe concept takes or- of two forms: It may require us to
identify a natural ccrrenoe with an unfamiliar name, or it may require
us to use familiar names to describe oourrences that are unnatural. If a
concept uses unfamiliar names to describe unnatural ourences, it is
easy to reason with because it is not subject to interference from prior
knowledge.

The correlations between latencies and error rates computed across 24
subjects argue against a speed-accuracy tradeoff-.25, .47, .44, and .25
for sets 1, 2, 3, and 4, respectively. These positive correlations
suest that subjects with longer latencies tended to make m-re errors.
Only the correlations for sets 2 and 3 were significant, p < .05,
two-tailed.

orrelations between error rates and lantencies across the 36 item
types were substantil, in addition to being highly significant-.64, .69,
.61, and .45 for sets 1, 2, 3, and 4, respectively. The first three were
significant at the . 0001 level and the fourth was significant at the .01
level, using two-tailed tests. The fact that subjects made more errors on
items with longer latencies may mean that when more processing operations
are required, subjects' reasoning capacity is more likely to became
overloaded, resulting in incorrect solutions.

Because the two dependent variables were highly correlated, a
multivariate analysis of variance was performed. This analysis replicated
the results from the two univariate analyses of variance. For the concept
min effect, Wilks .--- .986, F(2,91) - .63, R > .05. For the language
main effect, Wilks c' = .972, F(2,91) - 1.31, p > .05. Only the
interaction was significant: Wilks 1L .870, F(1,92) - 6.79, p < .01. A
follow-up discriminant analysis on the interaction was carried out to
determine the extent to which each of the two dependent variables was
important in dtrir this effect. The resultuxq discrininant function.
was significant-Wilks pZ - .874, X (2, N = 48) - 12.55, p < .05. The
standardized discrima function weights were .469 for latency and .721

* for error rates. The latency and error scores were highly correlated with
the discriminant function, .75 and .90, respectively. These analyses
confirm that the concept X language interaction was not an artifact due to
the correlation between dependent measures. Both the latency and error
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data support the claim that the locus of zrwtrectmxnt lies in combining
something fami a with somthin that is novel. The AiscrI nant
analysis also shows that both of the dependent masures provide

plamntary informtio n identifying dffbetween the groups.
. 7-e survey was conucted to provide supporting evidence that

within this popilation, certain oaxirreorres were more natural than
others. The frequencies with uhich subjects described the seasons sumer,
fall, winter, and spring, as being related to a particular color change,
were tabulated. In the first survey, 91% of the responses were in
Acodarm with the predicted rlaticship; that is, leaves are green
throughot .mr, in fall thy start at green and eventually turn bron,
they are brown thrh4~ winter, and in spring they start out brown and
eventually turn green, X' (1, N - .) - 189.1, p < .001. In the second
survey, althogh subjects agreed that it was not at all ociak for rocks
to change color with the seasons, they inferred that ane pattern of
changes was more reascable than any other; 79% of the responses wer in
line with the idea that in ammer rocks should be orange thratzjhit the
entire season, in fall they should be orange at the beginning and blue at
the end of the season, in winter they should be blue thra4uaat the entire
season, and in spring they should be blue at the beginning of the season
and orange at the end, X' (1, N - 14) - 188.4, p < .001.

The results of the first survey were in accordanoe with the latency
and error data described above; the coneptual system in set 1 was rated
as being very familiar, and it was also associated with shorter solution
latencies and with lower error rates. However, the second survey
predicted that an form of set 3 could be interpret in a meaningful

* way. Each of sets 2, 3, and 4 was divided into four camuterbalaced
versions-A, B, C, and D--with six subjects seeing each version. The mean
latencies for the subsets in set 3 were 4.83, 5.02, 4.74, and 4.61 s,
respectively. Subjects in the survey singled out 3C as being mst
ile. In this version, rocks are orange throhot mmer, in
fall they start out orange and eventually turn blue, they are blue
thrugout winter, and in spring they start out blue and eventually turn
orarge. An analysis of variance on the respective tims for the four
versions of set 3 indicated that they were not significantly different,
however, F(3,20) - .06, p > .05. Thus, it appears that coceptual system
3C was not easier to reason with. When forced to think about the seasons
in t of rocks turning orange and blue, subjects seem to associate
winter with the colder color-blue--and summer with the warmer
color-orange. However, this information does not seem to affect
latencies in the information-processing task used in this experiment.
Quantitative Tests of the Information-Processin e

Table 32 shows the results of various statistical evaluations of the
information-processing model of selection-task pefomance. These results
are based only on items that were answered correctly. However, the model
was also tested on data fran the combined correct and incorrect items.
There were no noteworthy differences betwee the two sets of analyses.

Insert Table 32 about here

The model provides a good fit to the latency data and is consistent
across all four instantiaticns of the task. The values of R2. (proportion of variance acounted for in the latency data by the model)
are all in the low .90s. The item reliabilities are all in the mid to
high .90s, meaning that the various items are consistent in the processes
they are assessing. These model fits are highly significant (with respect
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to the difference of R2 from 0), althoug the residuals were also
significant. The model also provides a very good fit to individual
subjectst data, with le values for individual subjects rqrqiM from .24
to .91 across the four data sets. The mean individual RI values for
each of the fcur grcups were .67, .70, .69, and .71, for groups 1, 2, 3,
and 4, respectively. The root-mean-square deviation of observed from
predicted latencies for individual subjects ranged from .31 to .45, which
is quite good given that the grand mean for all itim Was 4.14 s. The
original model developed by Stenberg (1982)fits
alied to the data sets in this experint.values for ,
2, 3, and 4 were .92, .90, .91, and .89, respectively. However, the
revised model represents a staty significant J ;- emnt in ter
of the parameter estimates. (Other odels re tested with less
satisfactory results.)
Parameter Estimates for the Information-ProcessinM Hodel

The regression model provides parameter estimates that describe how
long each of the processing steps takes for each version of the task. The
parameter estimates (raw regression weights) are presented in Table 33.
All five parameters were significantly different from zero across each of
the four tasks. They also followed the sam pattern of relative
difficulty, except for assess initial information (AII) and change in
representational system (C) in set 3. 7hus, the model is measuring
processes that are general across several tasks.

Insert Table 33 about here

The estimates in sets 2 and 3 were generally longer than their
oamterpart in the other two sets. the longer estimates in these two
sets correspond to the fact that these two corditions were more difficult
to reason with, as shown in the analysis of variance. They also suggest
that the effects of A ~mrL are localized in particular component
processes. For emple, the justification (JS) parameter showed the
largest increase in weight, saggesting that subjects find it especially
difficult to evaluate the validity of their solution when they have to use
a familiar name that describes an unnatural curree or an unfamiliar
name that describes a natural ocu-rnce. The change in physical state
(CPS) parameter had the next largest increase that might be attributable
to nmLrencrnd&. Tis parameter reflects the fact that variable-state
concepts involve two colors that occur in a specific sequence, whereas
concepts that describe a constancy contain only one color and so subjects
do not have to deal with the order of the two colors to know which
constant season is being referenced. s, in t of processing
effects, ncnentrenciment may make it -re difficult to store or ac ess the
information in these variable-state concepts. The fact that unexpected
lack of change (UCVM) and CPS are large in set 3, but not in set 2,
suggests that these parameters reflect the difficulty involved in
processing the pictures used to represent the unnatural concepts.
Similarly, AII is large in set 2 but not in set 3, implying that this
parameter is affected mainly by lexical familiarity. Overall, the
prmters seen to reflect processes in the reasoning task that are
subject to interference frm pairing scmethiM fami ia with smethin
unfam I lia.
Individual Differences Analyis

Scores on the three inductive tests were standardized and added
together to obtain an overall score for inductive reasoning ability. The
same type of cup1itation was done to ombine scores for the two deductive
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. reasoning tests. This form of analysis was done because the coosite
scores have greater reliability than the individual test scores. Twe
ability measures, in addition to the insight problems, were correlated
with each subjects's mean latency, averaged over 108 items. Parameter
scores, obtained by fitting the informa ing mdel to individual
subjects' latency data, were also correlated with the ability tests. The
orrelations are shown in Table 34. (In these analyses, the tests were
standardized by treating each of the fou groups separately. ien the
tests were standardized without regard to group membership, the results
were virtually identical.)

Insert Table 34 abouit here

Consider first the correlaticns with the inductive measure. The
corrlation of the global latencies with the inductive reasoning
composite are the highest. However, they are not consistently high for
each of the four groups-group 2 was the exception with a correlation of
-. 14. Adding in error rate as a second predictor variable did not change
this pattern of results--the iultiple ccrrelations were -. 63, -. 15, -. 57,
and -.40, for groups 1, 2, 3, and 4, respectively. The correlations of
parameter scores with the inductive reasoning measure essetilly flow
this same pattern, with group 2 failing to show significant crrelations.

Cosider next the correlation of the global task and parameter scores
with the deduction measure. The global task shows a pattern of
corelatio that is analogcus to that found with the inductive reasonin
measure; however, the correlations with deductive ability are consistently
lower. Ths sam basic pattern occurs with the task score correlations.

The insight problems were highly intercorrelated with both the
inductive and deductive test scores. The correlaticna, averaged over the
four groups, were .63 with induction and .44 with deduction. Tis
difference in correlations implies that the insight problems are z-re
related to inducti - the ability to take the information stated in a
problem and to form a conclusion that is not directly related to the given
information. In term of the selection task, the overall response latency
for set 3 had, by far, the highest corelation with the insight prblem.
Mreover, the inductive scores for set 3 had more significant correlations
with task parameters than did any of the other three sets . Because the
items in set 3 had familiar names mapped onto novel concepts, these
results suggest that insight is closely related to the ability to use
existing information in the lexicn to describe unfamiliar occurrwnces in
the envirnment. Insight can therefore be viewed as a specialized form of
inducing structure in problem situations.

Although this experimnt yielded results that were both reliable and
interable, it is possible that mtrencl~nt is specific to this
particar experimntal mani ati., Berlin and Kay (1969) have shown
that there is scmething basic about the way our experience with colors is
coded in language. 7heir work suggests that the present set of results
may be attributable, at least in part, to the fact that the seasons were
defined in tens of colors. It is conceivable that a concept that is
described by something other than color may have different properties
within this experimetl design. Because of this possibility, a secod
experiment was carried out to show that the language X concept interaction. can be demonstrated for other kinds of conceptual system.

This experiment was intended to replicate and generalize the findings
of the first study. The major differences involved the content of the
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coeptual system and the words used to describe this content. Therefore,
the description of this expeimwt will focus only on those aspects of the
method that differed from that used in the first experiment. The analysis
of the results directly parallels the form used in the first experiment.

& Subjects were S0 Yale uxe dates who pricipat for
course credit, momtary payment, or both. Subjects were randomly assigned
to one of the four catiitians, with 20 subjects in each conditicn. It
should be noted that 5 subjects were replaced because they had error rates
that were near or above the 30% level. A separate group of 24
undergjraduates uw were pripangin other psychology eprmnsgave
responses to a set of background survey questions.

Materials. The selection-task items used in this experiment were
structurally identical to those used previcusly--they differed only in
content. The premise that served as the madel for the other three
versions of the task stated that in New Haven, the beginning and end of
each period of the day is marked by the fact that the sm is either above
or below the horizon. At dawn, the sun starts out below the horizon but
eventually ends up above the horizon. In daytime, the sum is above the
horizon at the beginning and at the end of this period. At dusk, the sun
starts out above the horizon but eventually ends up below the horizon.
And in nighttime, the sun is below the horizon at the beginning and at the
end of this period.

To parallel the first experiment, the periods of the day bad to be
characterized by an "unnatural" ccurrence. Because it is rot at all
normal for the periods of the day to be characterized by minerals that
change shape frcm oval to rangular, this occurence served as the
unnatural ocept. In one variation, subjects were told about the Hafo
Indians of Western Canada who use the naues sta, kovit, bren, and trofar
to describe the daily pattern of changes in the position of the am. In
another version subjects we-e told about the planet Kyron, where the.
periods of the day are called dawn, daytim, dusk, and nighttim, but are
marked by the fact that a certain type of mineral changes shape from
rectanular to oval or fra oval to retangular. In the final variation,
subjects were told about the planet Byron, where the periods of the day
are called stabe, kovit, bren, and trofar, and can be distinguished by the
fact that a certain kind of mineral changes shape from rectangular to
oval, according to a systematic pattern. Each of the four tasks is
summarized in Table 35.

Insert Table 35 about here

The main difference between this set of materials and the earlier one
is that the selection-task itm were not drawn on cards; instead, they
were presented on a coupxter (CR) screen. The picture representations of
the sm and the horizon were drawn using five hypens and an 'ol", with the
"o" appearing either 0.5 cm above or below the hypens. The rectangular
and oval shapes were 1 X 0.5 cam and they were drawn using a set of
graphics characters. The survey was carried out just as it was in the
f irst experiment.

. The same design was used in this experiment as in the
previous one, including the cm erlancng schme for the three
variations of the New Haven information.

hM~ti . In otrast to the first experiment, the selection task
items in this study were presented on a Televideo 950 C, driven by a
North Star Horizon coupxter. Subjects signaled their responses by
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pressing cm of three keys on the keyboard. 7he ability tests were againgive in -end-penil flormt.

0Because this experiment was run by a omupter, there were
several proedural diffcs. a subject ompleted the practice
trials, the exerimnter no longer played an active role in the
experiment. Subjects initiated each trial by pressing the space bar.
Following a 1-s delay, a problem appeared on the center of the CRT screen
and an internal clock was started. Men subjects hit one of the three
answer keys, the clock was stopped, the solution time was recorded, and
the problem was cleared from the sore. Subjects were allowed to
initiate trials at their an rate. The time between trials was not
recorded. This procedure allowed subjects the oportunity to askc
question when they were not clear abot ame aspect of the experiment.
subjects were also notified by the computer whm they me three errors in
a row; they were then shown the correct answer to these problems in order
to ensure that they urderstood hat each problem required. The time
needed to complete this part of the experiment varied fPn 30 min to a
full hour. All other aspects of the procedure were the same.

Basic Statistics
Maine im Basic statistics for the groups defined by the 2 X 2

design are provided in Table 36. Solution ti are again based on 108
oservations per subject, Weraged over the 20 subjects in each grop.
7he main effect of concept was not significant, F(1,76) - 2.48, p > .05,
and the main effect of language also was not significant, F(1,76) - 2.99,
p > .05. The ccncept X language interaction did reach significance,

*F(1,76) = 3.98, p < .05, replicating the major firdir of the first
experiment. Hmwer, in contrast to the first experiment, the error data
did not follow the same pattern as the reaction-time data. The concept
main effect was not significant, F(1,76) - .358, p > .05, but there was a
significant main effect for language, F(1,76) - 4.32, p < .05, and the
concept X language interaction failed to reach significance, F (1,76) =
.99, p > .05. An examination of the mean error rates showed that the two
conditions that used familiar names (groups 1 and 3) had the highest error
rates. It appears that the pattern of results shown in the analysis of
variance can be attributed mainly to group 1, which had a different
ordinal ranking for errors than it did in the first experiment.

Insert Table 36 about here

Despite the anomaly in the error rates, the patterns in the latency
data cannot be dimissed as being a result of a speed-accuracy tradeoff.
The correlaticns between latencies and error rates computed across 20
subjects were positive: .31, .65, .34, and .15 for sets 1, 2, 3, and 4,
respectively. Only the correlation for set 2 was significant, L < .05,
two-tailed. Correlaticaw between error rates and latencies across the 36
item types were .65, .62, .63, aid .55 for sets 1, 2, 3, and 4,
respectively. All of these correlations were significant at the .01 level
or better, using two-tailed tests.

Because the dependent variables were once again correlated, a
miltivariate analysis of variance was performed. This analysis showed
that the two main effects, as well as the interaction, all failed to reach
significance. his deviation from the results obtained in the first
experimnt can probably be attributed to the aberration in the rank order
of error rates, noted above.
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In summary, althogh these results do not exactly parallel those
obtained in the first experiment, they do 6support the basic definition of

* rnent : ,as described by Model 4.6
. In the first survey, 89% of the responses were in accordance

with the predicted relationship; that is, at dawn, the sun starts out
below the horizon and eventually mes above the horizon; in daytime, the
sm is above the horizon durir the entire period; at dusk, the sun starts
out above the horizon and eventually movets below Vh horizon; and in
nighttime, the sun is always below the horizon, X1 (1, N - 9) - 161.7, p
< .001. These results are consistent with the latency data in showing
that this system describes our entrenched way of thinking. once again,
although subjects agreed that it was not caree for the periods of the day
to be associated with changes in the shape of certain minerals, 67% of the
respondents agreed that one pattern of changes was more reasonable than
any other; that is, at dawn, minerals start out oval and eventually become
rectangular; in daytime, they are rectangular tmhout; at dusk, they
are rectangular at the begipning and oval at the end; and in nighttime,
they are oval throughout, X' (1, N = 15) = 145.5, p < .001. Of the four
co~terbalanced versions of set 3, A, B, C, and D, subjects in the survey
identified 3A as being the most meaningful. The mean latencies for the
four subsets of set 3 were 6.07, 7.06, 6.51, and 8.04, respectively. An
analysis of variance on these four forms indicated that they were not
significantly different, F(3,16) = .51, p > .05. As in the first
experiment, it appears that subjects in the survey may have associated the
shapes with the relative lightness or darkness of the various periods, but
this camparison did not affect performance in the reasoning task.
Quantitative Tests of the Information-Processi-n Model

Table 37 shows the results fran applying the informaticn-processing
model to this data set. Once again, these data are based only on items

that were answered correctly, although there were no noteworthy
differences for the latencies that included trials with errors.

Insert Table 37 about here

In addition to these group statistics, the model was able to account
for individual subjects' latency data, with R2 values for each of the
four groups were .70, .64, .64, and .70, respectively. The rgression F
for group 4 is lower than it is for the other groups, although it is still
highly significant. Also, the residuals for group 1 were not
significantly correlated. Despite these differences, the various
statistics shown in Table 39 indicate that the proposed model also
provides a very good fit for the data in this experiment.
Parameter Estimates for the Information-Processino Model

The parameter estimates are presented in Table 38. All the parameter
estimates were significantly different from zero across the four groups,
showing the generality of the processes being measured. Once again, the
CRS parameter was large only in set 3 and not in set 2. However, in
general the longest estimates are not consistently found in sets 2 and 3,
as in the first experiment, and the five estimates do not follow a
consistent order in terms of their relative size. The results may stem
from the fact that the subject reliabilities were lower than they were in
the first experiment: .82, .73, .72, and .77, for sets 1, 2, 3, and 4,. respectively, cumpared to .84, .85, .86, and .86, in the first
experiment. Hence, the first experiment may provide more interpretable
information regarding the various processes that are influenced by
nonentrenhment because these parameter estimates are based on more stable
data.
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Insert Table 38 about here

The test scores were again combined to form ciposite scores for
inductive and deductive reascdin ability. orrelations of psychoetric
test scores with the mean latencies and the parameter scores are shown in
Table 39.

Insert Table 39 about here

As in the other aspects of this study, the correlaticnu are similar to
those in the first experiment, but there are som clear differencs. 7he
highest correlations are found in grap. 2 and 3, the two versions using
nrmentrenched concepts. Although the correlations of reaction time with
the psychmetric test scores are interprtle in ters of a relationship
between intelligence and the ability to reaso with zntrened
conceptsl, they do not correspon:1 to the results of the firstexrint
Perhaps the mot iqiprtant regularity to be found in thiese eprm tsis
the fact that set 3 had the longest mean reaction time, as well as many of
the highest correlations. These results suggest that usir familiar names
to denote unmatural oc-cce may be the more intrestir form of
ncratrenckmant; this was the most difficult t system to reason

in and it was more highly related to pMymdatric measures of reasoning.
Because this work crieents an early atteapt to explore n.JM1trenJ '11,
this issue may bear further research.

General Discussion
The experients described in this report were carried out to expand on

Sternberg's (1982) initial i.estigationa of mnemntrCe mnt. The present
work examined how the variables of lexical familiarity and coneptal
naturalness function in making a c ept e or less entrenched in our
evezyday way of thinrkng. The results showed that these variables do not
have indeper 11 1 effects on reasonin. As described by Model 4, the 1l=s
of sornntremhment lies in maping umnatural occurreces onto familiar
names or natural oca m-ms onto novel names. Thus, information that is
entrenched is not sinply familiar, and information that is trenched
is not siuply unfamiliar.

Because these eprensused a specially designed reasoning task, it
was important to assess the internal and external validity of this task.
An informaticn-processing model for the reasoning task was internally
validated by showing that it provides a good account of latency data in
two experiments, and was externally validated by ehowirq that parameter
estimates are correlated with Psychometrically derived reascni.ng scores.
The model also provides sm explanatory infomati n rn the
varicus processes that might be affected by n_tM .

This research used Nelson Goodman's (1955) philo cal ideas as a
basis for exploring the psychological reality and nature of
noJrazmcbme. Although the sipirical analysis of this proble was
straightforward, the ittio of these reults raises several
ilprtant issues that are concerned with how this research relates to
other issues in cognitive psychology.

First, our analysis of the entzreint construct is based on the
firndin that highly overlearned rgs or concepts can produce interference
when paired with unfamiliar nms or cocepts. The basic form of this
interference is, of course, not aw-it is a variation on the A-B, A-C
paradigm from associative learning. The nature of the negative transfer
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effect within this paradigm has been analyzed in te of several
different fra oks, such as proactive interference (Urderwood, 1957),
organizational theory (Tulving, 1966), and list d mnati (Ste rg
& Bower, 1974). We would like to argue that izrzntrerusid thinking
represents a particularly interestig form of negative transfer. Bower
(1974) pointed out that nothing in interferenc theory restricts its
applicability to meaningless materials or to "factual details." Hed-mwxtrated that basic interferenc effects can be produced using simple
prose passages. In our work, subjects xperienced interference because
they were trying to reason with raw kin&s of infomtio that were only
partially a in ter of their prior knwledge. The nonentrenched
c were designed to be "inrrect" or implauible for the
subjects wiu patciae in these -xp-rimnts; however, these same
conceptual systems were assumed to be entrerhed for other subjects fr a
different backgrund. (See Keil, 1979, for a discussion of implausibility
and the related phenmen of anmly.) The distinction between
entrenched and n J&4trenhe infoution may provide a different way to
think about various problems in learnirn and rmy, although it will
remain for future research to support this possibility.

Second, we need to couider why a conceptual system that uses
unfamiliar names to denote unnatural occurrences is no nore difficult to
reason with than an entrenced c ptual system. Althh we have
explained the difficulty associated with iznztrnI Ied thinking in terms
of negative transfer from prior knowledge, it is possible that there is
also a facilitation effect that is operatiM within this paradigm. Bower
(1974) showed that the conceptual rostructure of a text can be a sourceO of retroactive facilitation, whther the underlying details of the text
are changed or kept the sam. However, other research (Bower, Black, &
Turner, 1979, Experiment 5; Kintsch, Mandel, & Kozinsky, 1977) has shown
that a conceptual -acro cture can be a source of proactive interference
when subjects are required to remmer jumbled texts. In our studies of

. -e ... , we used fow onceptual systems that had different
"surface" strutures (contents) generated from", ocen "deep" structure
(oceptual n - -ac tructure). Hence, the co omvxqptual structure my
have been a source of proactive facilitation. It will remain for future
research to d----strate the possibility that there are also forms of
nn - ' thinking in wich a familia conceptual structure can be a
source of negative transfer and proactive interf.

Third, the present exerimnts were specifically designed to study the
nature of &XIWrf. Hwever, they implicitly dealt with another
problem-the relationship between language and thought. The
language-thoht problem deals, in part, with the folloing issue: Every
language must be flexible enough to express the diverse experiences of a
culture; yet, a specific language appears to shape or bias the way the
members of a culture think about their experiences. (See Clark and Clark,
1977, for a summary of various approaches to this problem.) Our research
relates to this problem in that it d-- strates a situation in which the
effects of linguistic and conceptual factors are not indeperiln.
Although the potential relationship between these two lines of work is
interesting, it is imprtant to limit the scope of this cervaticn.
Nonentrencuant was operationalized using two very narrowly defined
variables. Lexical familiarity does not begin to capture the structural. and semantic ccmplexity of language. And most cocepts cannot be
described using only two dichotomous states. Hence, the results reported
here should be viewed as providing a basis for further research on

MnoetrW=n=nt and its relationship to the language-tho4gt problem.
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Fourth, Goodman's (1955) ideas were originally intended to provide
itilcsc.bers with a different perspective on the nature of irjlutive
logic. Our ampirical analysis of rnwitrencbmnt may therefore have
inplications for the way psychologists have studied the way we make
inductive jut~gmnts. Mxh of the psycholgical research in this area has
attatpted to describe the heuristics and biases that we use in making
inductive Judgments (ahnieman, Slavic, & Tversky, 1983). Our research may
relate to this literature in that when we are required to make judgmnts
urder uncertain c-diticns, we are e ntially reasoning in --nIrenched
conceptual system. Ideas about base-rate probabilities, samiple sizes,
and covariation, for example, are xnMtmreried; our intuitive theories
about these concepts are not easily modified and they interfere with our
attempts to make judgmnts that would be comistent with these concepts.
Hence, it may be useful to explore how the construct of namntrnchment
relates to specific heuristics that people appear to use.

Finally, the experimental findings on nrirn&rLmt are in
accordance with the traditionally held belief that intelligence is
characterized by the ability to acquire new knowledge. We have drawn our
conclusions by assessing individual differences in the ability to solve
reasoning problem, according to a o" gonential framork (Sternbexg,
1977). Raaheim (1974) has formally discussed many of these basic issues
in his analysis of "problem situations." Acommring to his theory,
intelligence is nwsa important to problem solving %then the problem
situation possesses a medium amount of familiarity. He argued that if a
problem is very familIar, then it is mastered quite easily; if it is very
unusual, then it is not a good irdicator of intelligence because a chance,Oexploratory approach often provides the best or even only way to obtain a
solution. The present data on - renced concepts are in accordance
with this analysis, in addition to other related theories put forth by
Berg and Sternberg (1985), Cattell (1971), Horn (1968), Kaufman and
Kaufman (1983), Snow (1981), and Steiberg (1985). Hoaeer, it is
important to note that Schank (1980) has argued that conventional problem
solving is an inappropriate way to u rtd intelligence because it is
dependent on script-controlled behavior. Instead, he has stated that
intelligence is charactIzed by "...the ability to make generalizations
from completely new situations that are useful for future needs .... "
Schn has also asserted that prior cultural information is not helpful in
uerstrdir intelligence because any test that relies on this existing
knowledge will simply be measuring one's prior training. However, his
analysis is not sensitive to the fact that cultural knowlede has to be
acquired, and that this learning occurs over a number of years. Our work
on cMMenmt indicates that Schank's statmmnt is too extrme-it
can actually be relatively easy to reason in entirely new conceptual
systam. As noted by Sternberg (1981), intelligence is, at least in part,
the ability to apply existinrxwlsde structures to ra conceptual
System-_

In summary, research on nms rem it is potentially relevant to
several different prcblem within cognitive psychology. Just as
ittgenstein's (1953) work influenced the way psychologists studied

concepts, Goodman's (1955) idea about entrenched prdicats may influence
the way we think about various problems in learnirg and mery, induction,
and intelligence.
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* AppendiX A

Basic brie rules
Following are the official rules of bridge quoted from Borland

International 's hardbooc of Turbo Ganaorks (1985a).
Bride is a card game for four players, two pairs of partners. The

partners sit across the table from one another, with an oponent on each
side. For convenience, the players might be referred to as "North",
"East", "SoUth", ard "West" to corrispn- with their geographical
positions arourd the table. Thus North and South are partners, East and
West are partners, and around the table clockwise are North, East, South,
and West.

Each player is dealt 13 cards. The cbject of the game is for one
partnership to contract to win a certain number of tricks, while the
opsing pair attempts to prevent this. A trick consists of four cards,
one played by each player. Since each player has 13 cards, there are 13
tricks available.

The play to a trick is as follows: one player plays any card, and the
other three players each play a card in turn, going clockwise around the
table. A player must "follow suit," that is, play a card of the same suit
as the first card of the trick if she is able to do so-if not, she may
play any card. The winner of the trick is the player who plays the
highest card of the suit led (ace is high, deuce is low), unless there is
a trump suit (a special suit determined by the bidding) in which case the
highest trump played wins the trick. The person who wins a trick plays
first to the next trick, and play continues until all 13 tricks have been
played.

The dtion of the trump suit and which pair contracts for how
many tricks is done by an auction-the highest bidder gets the contract.
The rank order of the suits is clubs (lowest), diamonds, hearts, spades,
and notrump. The smallest number of tricks one can cmonract for is
seven. Six is added to the bid, and that is the nmber of tricks which
the bidder is contracting to win. If two bids contract for the same number
of tricks, the one with the higher ranking suit is the higher bid, but a
bid for more tricks always outranks a bid for fewer tricks.

The auction proceeds as follows: starting with the dealer, and going
clockwise, each player has the option of either passing or making a bid
higher than the last bid. In addition, if an oppnent has made the last
bid one has the option of doubling, and if an opponent has doubled one's
bid, of redoubling. These doubles and redoubles increase both the rewards
for making the contract and the penalties for losing the cmnract. The
bidding continues until there are three consecutive passes. One is
permitted to make a legitimate bid even if one has passed earlier in the
auction.
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The primary goal in the bidding is to choose the final contract such

that the partnership's best suit is trumps, and to contract for game if
the partnership can win enough tricks. Since high cards win tricks,
evaluation of the strength of a hand depends primarily upon the high card
content. The evaluation technique used by almost all players today is as
follows:

ace =4
king -3
queen =2
Jack = 1.

TMere are a total of 40 high card ponts. Players usually want a
hand to be at least one king above average, 13 or more points, to make the
first bid, although this requirement can be relaxed when one has a long
suit (5 or 6 cards), since long suits produce extra tricks in the play.

Whe the bidding has concluded, the pair that made the highest bid is
the declaring side, and the player of that pair who first named the suit
of the final contract is the declarer.

7he play proceeds as follows: the player to the left of the declarer
leads to the first trick. After this lead, declarer's partner (called the
dummy) puts his or her cards face up on the table. Mhe dummy has no
further say in the proceedings-the declarer plays both dmmy's cards and
her amn. Play to the first trick continues with declarer playing a card
frcm dummy, then the player t.,. jeclarer's right playing to the trick, and
finally declarer playing the trick. The winner of the trick leads to the. next trick, and play continues until all 13 tricks have been ccupleted.
If declarer has won at least the number of tricks contracted for, she has
made the contract; if not, she has been defeated.

If the declaring side fulfills their contract, they score points,
determined by the numiber of tricks taken, the contract, and the trump
suit. If the contract is defeated, the defenders score points.
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A pdi B

Skill Level CatecAMvSv"i

Category Brief des=iption

1 Beginner no experience

2 Novice some experience, little ability.

3 Advanced Novice experience, some ability,
maybe scnconventions.

4 Post-Novice 20+ points, can occasionally place
in open games.

5 Average normal ability level, can play a
cohesive system, not very experienced.

6 Bad life master usually misapplies knowledge, but
can play by rote.

7 Above average can play well, has some theory, often
fast-rising, mistakes due to

8 Average life master experienced, can often hold their

own with top players.

9 Strong usually does well in tournaments.

10 Expert a string of tournament successes,
maybe plays professionally.
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Cover Story for Game Modification 1--0anare of Card and Suit Names

I hope you enjoyed the games you played so far. Right no thirgs are
becuming a bit more cmplicated.

Imagine the following situation: You are traveling in a foreign
country and are not able to understand a word of the language people are
speaking. One evening, you are invited to join a grup of foreigners in
your hotel to play a card game. Very soon you realize that the game
people are trying to explain to you is exactly the game of bridge you know
from home-only with different names for cards and suits.

CARDS: JACK is r x EIB
QUEEN is nod DILL
KIG is now WRK
ACE is nw XYI2

SUITS: CLUB is nw IMER
DIAM3MD is now RAMG
HEART is now BIRF
SPAC is rn RIAR.

Everything else appears to be exactly the same as in the game as you
know it.

Please try to cope with that situation in the folling games and
play as you did during the previous three games. There is no need to
learn the new expressions by heart. The caiputer will prupt you with the
new expressions when it is your turn to make a move.
If you want to see the new expressions again please hit <A>.

hen you are ready to start the next game hit SPACE.

0
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A Cmplete Listing of the 36 Different
Problems for Experimet 1

item Answer

1A Summer Sunmr G
1B Winter Winter B
2A Summer Winter I
2B Winter Sumer I
3A Summer Fall B
3B Winter Spring G
4A Summer Spring I
4B Winter Fall I
5A Fall Summer G
5B Spring Winter B
GA Fall Winter I
6B Spring Sumer I
7A Fall Fall B.7B Spring Spring G
BA Fall SpringI
8B Spring Fall I
9A G Summer G
9B B Winter B
10A G Winter I
10B B Summr I
1A G Fall B
liB B Spring G
12A G Spring I
12B B Fall I
13A Summer G Sumner
13B Winter B Winter
14A Winter G Spring
14B Stumer B Fall
15A Fall G Summr
15B Spring B Winter
16A Spring G Spring
16B Fall B Fall
17A G G Sumnr
17B B B Winter
18A G B Fall
18B B G Spring

Note. The items for Experimnt 2 can be generated by replacing
"summer," "fall," "winter," and "spring," with the nas "daytime,"
"dusk," nigjhtime," andI "dawn," ard by substituting "A" (above the
horizon) and "B" (below the horizon) in place of "G" (green) and "B"
(brown).
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FooteAS

Ihis research was done in collaboration with Joyce Gastel.

2 is research was done in collaboration with Joyce Gastel.

3 Mis research was done in collaboration with Peter Frensch.
4,his research was done in collaboration with Sheldon Tetewsky.

5The revised model used five rather than seven parameters to predict
latencies on 18 distinct items. To do this, a scheme was devised in which
three of the parameters, VWPl-'rariable state word in position 1," WP--"rnmiber
of words in premise," and WA-"nlnber of words in answer," were consolidated
into one parameter, ALL-"assess initial information in the first premise." An
entirely new parameter, JUS--"justificaticn," was added. This parameter dealt
with the fact that for "inconsistent" proble that had a variable-state word
in the second position, subjects wald have to JUSTIFf that they used the
correct variable-state season to solve the problem. Also, the n-emtrenched
parameter was not used because in the present experimnts, nentL lmet was
defined by the variables of conceptual unnaturalness and lexical unfamiliarity,
within the analysis of variance design.

6One possible explanation for the various differences may be that the

second experiment allowed subjects to do the task without interacting with the
experimenter. Of the two experiments, the second one had higher mean error
rates; in addition, several subjects had to be replaced, due to excessive error
rates-this problem did not occur in the first experiment.
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Table 1

Repreetative Verification Items frm the Mxperimunt

Neyed Response

Familiar Counterfactual
Presupposition Presupposition

1. Familiar presupposition:
Trees need water.
outerfactual presuppoition:
Trees eat people.

a. Librarians eat maple trees. False False
b. C2wery-picimg requires great bravery. False True
c. Trees are carnivorous. False True
d. Trees have branches. True True
e. Trees are harmless. True False
f. lUmberjacks diq, down trees. Trule Truel

2. Familla presupposition:
Cats are furry.

Counterfactual presupposition:
Cats are strongly magnetized.

a. Cats "stick' to refrigerators. False True
b. Cats attract paperclips. False True
c. Cats have sharp claws. True True
d. Cats eat iron filings. False False
e. Cats like eating fish. True True
f. Catnip is mtallic. False False
g. Susphnded cats tend to face east-west. False False

3. Familiar presupposition:
Kites fly in the air.

Cmterfactual presupposition:
Kites mm on gasoline.

a. Kites emit exhaust. False True
b. Kites need fuel. False True
c. Kites have tails. True True
d. Kites need wind. True False
e. Kites have four wheels. False False
f. Kites are faster than airplanes. False False
g. Kites can explode when they crash. False True
h. Kites are sold in stores. True True
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Table 2

Basic Statistics

Reqxrze Time Error Rate

N-Navel Presu~csiticn Mean STD Mean STD

True Stateents 2.20 .57 .02 .03

False Statments 2.36 .72 .04 .04

Novel Presuppositicn

True Statmnts 2.57 .73 .06 .05

False Statments 2.91 1.02 .13 .09

0
Note: Repos tim is masure in seccni.

0
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Table 3

Analysis of Variance for Response Times

Anma M

Presuositici (ovel, Ncri-na'el) 1 852906 80.70***

Subject X fRe ositicn 49 10369

Change in Respose 1 434 .05

Subject X amige 49 9465

Answer (True or False) 1 130572 17.29***

Subject X Answer 49 7552

. Presqpoiticn X Change 1 3688 .92

Subject X Prem position X Change 49 4020

Presupositicn X Answer 1 1189 .30

Subject X Presuppositicn X Answer 49 2516

Change X Answer 1 14346 2.10

Subject X Change X Answer 49 6816

Prisu;4=stion X Ohange X Answer 1 38940 25.73***

Subject X Presupositicn X Charge X Answer 49 1514

Note: Respcroe tim was adjusted for the ntuer of words in the staterent.

*** p < .01
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Table 4

crrelations of Response Tim and Error Rate with Ability Scores

Cue letter cm aaitel Crossing

Sets Syllogisms Culture Fair Out As

Non-Novel RT -. 46*** -. 66*** -. 32* -. 04

ER -. 18 .02 .04 -. 15

Novel RT -. 52*** -.68*** -. 32* -. 02

ER -. 16 -. 24 -.II -. 15

*p < .05

•** p < .001

0
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Table 5

Tary of Induction Items in Fur Rhases of Induction Research

Similarity to IQ-TIest Items

IQ-Test-Like Un-IQ-Test-Like

Analogies

Familiar Classificaticns Everyday In uctions

Series Ccupletions

Novel Analogies Conceptal Projectins

Unfamiliar Novel Classifications

Navel Series Ccupletikns Insight Prblems

0
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0 Table 6

SaNple Stimulus Task Items

Analogi

Familiar Relev
Chalk is used for writing.
INK : PAPER :: CHALK : (a) WORD, *(b) BLACBOARD, (c) ERASER,

(d) CLASSRO14

Familiar Irrelevant
Beds have sheets.BU/ILDING : DOCME BED (a) CANOPY, (b) PILO, (c) HOTEL, (d) ROOK

Novel Relevant
The hand is the organ of hearing.
EYE : BLINDING :: HAND : (a) SMITH, (b) TOUCHING, *(c) EAFENING,

(d) WRN
(Uncued cmditio: DEAm4ING is replaced by NUMBING)

Novel Irrelevant
Sparrws play hc.scotdi.
TROU : SCALY :: SPAROW : (a) GRACEFUL, *(b) FEATHER, (c) SMALL,. (d) EETIC

Classifications

Familiar Relevant
Many fish are edible.
VTNA, SARDINE, SOLE, FLWJND, (a) BAIT, (b) TADPOLE, (c) SEAFOOD,

*(d) SAMON

Familiar Irrelvnt
Soup is mainly water.
BOUILLON, EGG EMP, BRIH, MINgnE, (a) SAAD, * (b) C!WDER,

(C) LIQUID, (d) CRACERS

Novel Relevant
Flwers grow wxerground.
TULIP, DAfIDIL, ROSE, DAISY, (a) DIlr, (b) PETAL, *(c) CNION,

(d) FLUERPOT
(Uncued cundition: CNICN is replaced by BIERCUP)

Novel Irrelefant
Water boils at roan temperature.
FOG, STEAM, VAPOR, CLOD, (a) NDDIE, (b) ICE, *(c) MIST, (d) RAIN

0
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Table 6 (continued)

Series Comletions

FaMliar Relevant
Some people are heavier than others.
SKINNY : SLIM : AVERAGE : PLLW : (a) HUNRY, (b) THIN, *(c) FAT,

Cd) ATHL.EIIC

Familiar Irrelevant
Feet are bigger than hands.
TEM : INIEX FINGER : MIILE FINGER : RING FINGER : (a) WRIST,

(b) OE, *(c) PINKY, (d) HAND

Novel Relevant
Furniture is eaten at the end of a meal.
APPETIZER : SOUP : SALAD : MAIN COSE : *(a) TABLE, (b) BREAD,(c) MM, , (d) ErMEE
(Uncued condition: TABLE is replaced by DSERT)

Novel Irrelevant
People always sleep standing up.
AWAKE : FATIGUED : MSY : ASLEEP : (a) ALERT, (b) TIRED,

(c) CM,1JsED, *(d) UNQSCa S

Note: The correct answer is preceded by an asterisk in the table.
Subjects were instructed to answer items as though the premise were true,
assuming nothing else out of the ordinary other than the information in
the premise.
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Table 7

Reliabilities of Response Times

Overall Uncued Cued

Analogies

Item .89 .89 .89

Subject .89 .89 .89

Classifications

Item .87 .87 .88

Subject .91 .91 .91

Series

Item .88 .85 .90

Subject .92 .92 .92

Note: Only correct response tis were used.
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Table 8

Basic Statistics

Raw Scores

Analogies Classifications Series Overall

r ER Re ER RT E Re ER

Familiar Cued 3.91 2.4 3.81 2.6 5.15 5.4 4.29 3.5

Relevant Uncued 3.61 0.7 4.48 6.1 5.55 11.5 4.55 6.1

Familiar Cued 4.18 3.5 4.26 4.1 6.22 5.7 4.89 4.4

Irrelevant Uncued 3.52 2.2 3.87 2.2 5.17 4.3 4.19 2.9

Novel Cued 4.97 9.1 6.64 23.5 5.22 5.6 5.61 12.7

Relevant Uncued 3.82 3.7 4.26 6.9 5.01 4.8 4.36 5.1

Novel Cued 4.32 6.9 4.42 8.1 6.65 13.0 5.13 9.3

Irrelevant Uncued 3.23 2.4 4.09 3.0 5.02 8.1 4.11 4.5

Noate: Response times are expressed in seconds, error rates in percentages.

Response times are for correct responses only.

0
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Table 9

Analysis of Variance

Factors Em
Test TPS 2 302.1 106.42***

Test TIype x Subject 1.18 2.8

Ole 1 163.8 54.97***

Cuxe x Subject 59 3.0

Novelty 1 36.7 53.84***

Novelty x Subject 59 0.7

Relevance 1 5.0 1O.88**

Relevance x Subject 59 0.5

Test x Cue 2 1.2 1.15

Test x Cue xSubject 3.18 1.1

Test x Novelty 2 18.5 28.29***

Test x Novelty x Subject 118 0.7

Test x Relevance 2 39.7 51.10*

Test x Relevance x Subject 118 0.*8

Olie x Novelty 1 78.7 153.06***

Oie x Novelty x Subject 59 0.5

OC.e x Relevance 1 12.4 14.71***

OCle x Relevac x Subject 59 0.8

Novelty x Relerance 1 18.3 25.50***

Novelty x Relevance x Subject 59 0.7
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Table 9 (om)inued)

Factors f

Test x Novelty x Relevance 2 16.3 24.91***

Test x Novelty x Relevance x Subject 118 0.7

cue x Novelty x Relevance 1 28.9 42.44***

Cue x Novelty x Relevance x Subject 59 0.7

Test x Cue x Relevance x Novelty 2 20.8 23.95***

Test x Cue x Relevance x Novelty x Subject 118 0.9
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Table 9 (oniud)

Analysis of Variance

Error Rate

Factor d

Test Type 2 .1760 23.75***

Test Type x Subject 118 .0074

cue 1 .2871 28.08***

Cue x Subject 59 .0102

Novelty 1 .4899 89.59***

Novelty x Subject 59 .0055

Relevance 1 .0879 16.69***

Relevance x Subject 59 .0053

Test x Cae 2 .1416 I0.40***

Test x Cue x Subject 118 .0068

Test x Novelty 2 .0907 19.95***

Test x Novelty x Subject 118 .0045

Test x Relevance 2 .1385 18.09***

Test x Relevance x Subject 118 .0076

Oe x Novelty 1 .4109 44.01***

Cie x Novelty x Subject 59 .0093

Cu. x Relevance 1 .0046 .88

Cue x Relevance x Subject 59 .0052

Novelty x Relevance 1 .0068 1.15

Novelty x Relevance x Subject 59 .0062
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Table 9 (cotinued)

Factor a W r

Test x Cue x Novelty 2 .0586 8.62***

Test x Cue x Novelty x Subject 118 .0068

Test x Cue x Relevance 2 .0635 6.70**

Test x Oae x Relevance x Subject 118 .0095

Test x Novelty x Relevance 2 .2327 29.78***

Test x Novelty x Relevance x Subject 118 .0078

Cue x Novelty x Relevance 1 .1121 17.29***

Cue x Novelty x Relevance x Subject 59 .0064

* p < .05

** p< .01

* < .001
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Table 10

Difference Scores, Precuaed - tkcued,

for Reaction Time of Ca~ctResone (se~ids)

arxd for Error Rate (percent)

Analogies Classifications, Series

RT ER RT ER RT ER

Familiar Relevant .30 1.7 -. 67 -3.5 -. 40 -6.1

.FMiliar Irrelevant .66 1.3 .39 1.9 1.05 1.4

Novel Relevant 1.15 5.4 2.38 16.6 .21 0.8

Novel Irrelevant 1.09 4.5 .33 5.1 1.63 4.9
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Table 1

Correlations of Response Times and Error Rates

With Ability Tests

OVERALL UNCUED CUED

Rr ER Ra ER Ru ER

D TVerbal Reasoning -. 21 -. 58*** -. 19 -.45*** -.23 -.57***

Cattell Abstract Reasoni g -.38** -.06 -.32* -.02 -.41** -.08

Insight Problems -.24 -.41*** -.20 -.36** -.26* -.39**

CrossingOutA's -.09 -.06 -.16 -.10 -.04 .04

Extend Vocabulary -.07 -.29* -.10 -.26* -.04 -.26*

(Level 3)

Reasoning Factor -.36** -.46*** -.31* -.36** -.39** -.45***

Verbal/Perceptual Factor -. 10 -. 14 -. 17 -. 10 -. 05 -. 15

Note: Only correct response ties were included.

*p < .05 **p < .01 ***p < .001
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Table 12

Correlations among Expertise-Related Variables

Age Exprts Estlvl MPtot MPlast Yrsplyd

Age 0.15 0.17 0.06 0.01 0.32

Exprts 0.77*** 0.74 0.76 0.75

Estlvl 0.53** 0.56 0.75

MPtot 0.95 0.44

MPlast 0.48

Yrsplyd

Abbreviations: Exprts: Rating on expertise scale

Estlvl: Self-estimated level of expertise

MPtot: Total number of master points

accumulated

MPlast: Number of master points accumulated

in past 2 years

Yrsplyd: Number of years bridge played prior

to testing

* < .05

** < .01

0 *** I < .001
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Table 13

Comparison of Expertise Groups

Nonexperts Experts

Variable Mean Std Mean Std

Age 43.06 15.85 47.00 8.19

Exprts 2.06 0.57 6.51 1.85

Estlvl 4.09 1.75 7.21 0.92

MPtot 5.02 7.93 716.94 963.01

MPlast 2.48 3.27 186.53 203.07

Yrsplyd 2.54 1.81 21.88 8.67
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Table 14

Spearman-Brown Corrected Split-Half Reliabilities of

Dependent Variables

Play Time Tricks Won Games Won

Overall 0.92 0.73 0.63

Normal games 0.85 0.55 0.51

Modified games 0.89 0.41 0.40
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Table 15

Correlations Among Dependent Variables

Play Time Tricks Won Games Won

Play Time
Total -0.11* -0.07

Unchanged games -0.13 -0.12

Modified games -0.08 -0.01

Tricks Won
Total 0.36***

Unchanged games 0.35***

Modified games 0.36***

p. < .05

* < .001

0
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Table 18

Basic Statistics for Unchanged Bridge Rules (Block 1)

Nonexperts Experts

Variable Mean Std Mean Std

Play Time 11.86 3.01 9.33 2.35

Tricks Won 6.99 1.43 6.20 1.74

Games Won (%) 0.51 0.17 0.65 0.27

Note: Means and Standard deviations of play times (per

response) are expressed in seconds.
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0
Table 19

Change in Dependent Variables due to Game Modifications

Percentages

Expertise Display Change Play Time Tricks Won Games Won

Nonexperts Name change 5.46 -5.94 8.33

Rank-order change 4.94 -3.16 -20.83

Lead change -0.89 1.69 40.00

Experts Name change 12.31 22.70 -1.39

0 Rank-order change 6.53 30.95 -5.95

Lead change 33.68 10.63 -16.67

Note: Means of changes in play time, number of tricks won,

and number of games won are expressed in percent.

0
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Table 20

Basic Statistics for Block 3

Nonexperts Experts

Variable Mean Std Mean Std

Play Time 12.20 2.61 9.17 2.37

Tricks Won 6.67 1.29 7.13 1.73

Games Won (%) 0.39 0.29 0.51 0.29

Note: Means and Standard deviations of play times (per

response) are expressed in seconds.
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0
Table 21

Bid time (opening bids)

Alpha Reliabilities

Bid Time

Item Subject

Overall 0.93 0.93

Normal rules 0.88 0.93

Modified rules 0.91 0.900

0
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Table 22

Bid Time (opening bids)

Raw Data

Modification Block Nonexperts Experts

Mean Std Mean Std

Name change 1 8.69 4.57 7.06 2.78

2 17.25 11.22 18.61 12.74

3 15.47 11.32 13.79 9.40

4 9.78 5.73 8.21 4.29

Rank-order change 1 9.52 4.41 7.06 3.96

2 14.86 9.43 14.32 11.20

3 15.26 11.11 10.14 7.87

4 10.07 5.84 8.48 7.75

Lead change 1 9.24 6.38 8.16 7.74

2 12.75 9.14 13.78 11.57

3 10.39 6.91 9.22 8.14

4 9.92 6.14 7.66 5.97

Note: Means and Standard deviations of bid times (per bid)

* are expressed in seconds.



ONR Contract N0001485K0589 Final Report, Page 87

Table 23

Encoding

Alpha Reliabilities

RT Total Correct

Overall

Item 0.93 0.98 0.94

Subject 0.83 0.46 0.69

* Normal Display

Item 0.91 0.95 0.88

Subject 0.89 0.41 0.54

Modified Display

Item 0.86 0.96 0.91

Subject 0.62 0.50 0.76

Abbreviations: RT: Reaction time

Total: Total number of cards written down

Correct: Number of correctly identified cards

0
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Table 24

Correlations Among Dependent Variables

RT Total Correct

RT
Total -0.13 -0.34*

Normal Display -0.10* -0.36**

Modified Display -0.17 -0.33***

Total
Total - 0.74*
Normal Display 0.70***

Yodified Display 0.78 **

Abbreviations: RT: Reaction time

Total: Total number of cards written down

Correct: Number of correctly identified cards

* P < .05

** < .001

0
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Table 27

Basic Statistics for Normal Display (Blocks 1 & 4)

Nonexperts Experts

Variable Mean Std Mean Std

RT 2.02 0.41 1.87 0.39

Total 5.00 0.83 6.23 1.90

Correct 4.60 0.77 5.31 0.660
Note: Means and Standard deviations of RT are expressed in

seconds.

Abbreviations: RT: Reaction time

Total: Total number of cards written down

Correct: Number of correctly identified cards

0
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0
Table 28

Change in Dependent Variables due to Display Changes

Percentages

Expertise Display Change RT Total Correct

Novices Name change -3.64 -2.93 -1.97

Rank-order change 9.18 -1.95 -6.81

Control -9.77 6.91 14.41

Experts Name change -3.40 -9.03 -10.43

Rank-order change 7.86 -3.54 -2.09

Control -4.24 0.82 4.91

Note: Changes in RT, Total, and Correct are expressed in

percent.

Abbreviations: RT: Reaction time

Total: Total number of cards written down

Correct: Number of correctly identified cards

0
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Table 29

Models for Non ntrerrhed Ccepts

Lexical fami iarity

Conceptual

Model Familiar Unfamiliar naturalness

0 0 0 Natural

0 0 Unnatural

1 - - Natural

+ + Unnatural

2 - + Natural

- + Unnatural

3 - 0 Natural

0 ++ Unnatural

4 - + Natural

+ Unnatural
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Table 30

Definition of Concepts for Experiment 1

Season BeginingM~i
nam color color

Group 1: Iaves in New Haven-Natural concepts and familia names

Summr Green Green
Fall Green Brown
Winter Brown Brown
spring Brown Green

Group 2: Leaves in Latzania-Natural concepts and unfamiliar names

Soob Green Green
Trit Green Brown
Blen Brown Brown
Mave Brown Green

Group 3: Rocks on Kyrcn--Unatural concepts and familiar nams

Summer Blue Blue
Fall Blue Orange
winter Orange Orange
spring Orane Blue

Group 4: Rocks on Krn--Unnatural concepts and unfamiliar names

Soob Blue Blue
Trit Blue Orange
Blen Orange Orare
Mave Orange Blue

Note: For sets 2, 3, and 4, the set of descriptions listed is only
one of four possible counterbalanced versions that were used.
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Table 31

Basic Statistics for Experiment 1

Standazd deviation Standard deviation

Grop Mean over subjects over item types

Response latencies

1 3.83 .92 1.04

2 4.18 1.33 1.25

3 4.80 1.56 1.45

4 3.76 1.02 1.00

Error rates

0 1 .06 .04 .05

2 .08 .04 .06

3 .09 .06 .09

4 .05 .03 .04

Note: Mean latencies are expressed in seconds. Each set of data is

based upon 24 subjects and 36 item types.

o
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Table 32

Indices of Model Fit for Experiment 1

Growp

I-dex Definition 1 2 3 4

Pr prion of variarce .93 .93 .92 .91

ac n'ted for in latncy

data by the mdel

r(xx) Item reliability .95 .97 .97 .97

F req Regression F for R2  32.7* 31.8* 28.8* 23.5*

df Degrees of freedo 5.12 5.12 5.12 5.12

for ree

r(Res) Correlation betwen .80* .90* .80* .74*

residuals of observed

from predicted values for

splits on random halves of

subjects, corrected by

Spearman-Brown forzula

IMqD Root-msan-squre deviation .31 .37 .45 .34

of observed frun predicted

latencies

Note: Mdel fits are based on 18 data points.
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Table 33

Iatency Parameter Estimates for Experiment 1

Group

Parameter

name Parameter descripti on1 2 3 4

AIl Assess initial state ( , , 1) 1.70 1.90 1.18 1.38

CRS Change in repr+sentaticn 0.83 0.88 1.22 0.72

system (0-1)

CPS Change in physical state (0-1) 1.30 1.64 2.15 1.44

UCVS Unexpected lack of chanqe (0-1) 0.85 0.85 1.36 0.74

JUS Justification (0-1) 1.34 1.82 2.27 1.37

Note: All parameter estimates were significantly different frrm zero

(9 < .05).

0I
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Table 34

orrelatims Betwe Projection Task Scores and
Measured Abilities for Experiment 1

Group

1 2 3 4

Induction

Overall respms latercy -.63** -.14 -.57** -.40**
Overall error rate -.22 -.02 -.33 -.10
AII -.23 -.11 -.26 -.31
as -.46** .19 -.49** -.26
CPS -.53** -.24 -.56** -.34
UCVS -.29 .01 -.56** -.40*
JUS -.ii -.12 -.41* -.24

*Deuction

Overall response latency -.50** .06 -.33 -.35
Overall error rate -.14 -.03 -.31 -.62*
AII -.28 -.20 -.12 -.40*
CRS -.39* .07 -.15 -.28
CPS -.30* -.24 .-49** -.21
UCVS -.17 .19 -.48** -.26
JUS .18 -.02 -.27 37,

Insight

Overall response latency -.22 -.27 -.53** -.25

Note: All tests of significance are one-tailed.
* p < .05

** p < .01
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is Table 35

Definition of Comxepts for Experiment 2

Period Begiimi shape Ening shape
Grop nM or position or position

Dwn Below Above
1: Sun in NeW Haven: Daytime Above Above
Natural cmxepts and Dusk Above Below
familiar nams Nighttime Below Below

Trofar Below Above
2: Sun in Cnada: Kovit Above Above
Natural cor pts and Bren Above Below
unfamiliar names Stbe Below Below

Dawn Rectangular Oval
3: Mineral on Kyron: Daytime Oval Oval
Unnatural cmxepts and Dusk Oval Rectangular
familiar names Nighttime Rectanular Rectangular

Trofar Pactar ular Oval
4: Mineral on Kyron: Koit Oval Oval
Unnatural oncepts and Bren Oval Rectangular
unfamiliar names Stdb c ar Rsctangular

Note: For sets 2, 3, and 4, the set of descriptions listed is only one
of four possible counterbalanced versions that were used.

0
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Table 36

Basic Statistics for Experiment 2

Stard deviation Stardard deviation

Group Mean over subjects over item types

Response latencies

1 5.42 1.44 1.45

2 5.54 1.91 1.37

3 6.92 2.56 1.67

4 5.36 1.36 1.36

Error rates

1 .09 .07 .09

2 .08 .07 .07

3 .09 .08 .10

4 .05 .06 .06

Note: Mean latencies are expressed in se=ds. Each set of data is

based upon 20 subjects and 36 item types.
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Table 37

Irices of Model Fit for xperinent 2

Groap

Index Definition 1 2 3 4

R? Proportion of variance .95 .91 .86 .93

acimted for in latency

data by the model

r(xx) Item reliability .96 .97 .97 .95

F reg Regression F for R2  41.7* 23.6* 15.2* 29.8*

df Degrees of freedum 5.12 5.12 5.12 5.12

Sfor reg

r(Res) Corrmlatit between .35 .67* .71* .74*

residuals of cbserved

from predicted values for

splits on randam halves of

subjects, orrected by

Spearman-Brown formula

Root-mean-square deviation .39 .46 .65 .44

of observed from predicted

latencies

Note: Mcdel fits are based on 18 data points.

* p < .01
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Table 38

Latency Parameter Estimates for Eqperimwnt 2

GrouP

Parameter

Paramte.r descrintiA 1 2 3 4

AII Assess initial state ( , , 1) 2.31 2.05 1.97 1.66

CRS Change in representaticn 1.33 0.94 1.81 1.28

system (0-1)

CPS Carxe in pysical state (0-1) 1.60 1.39 1.49 1.73

UCVS Unxpected lack of change (0-1) 1.48 1.18 1.28 1.47

JUS JUstificaticn (0-1) 1.60 1.95 1.44 2.03S

Note: All parameter estimates were significantly different from zero

(p< .05).

S
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Table 39

Correlatios Betwen, Projection Task Scores and
Measured Abilities for Dperiment 2

Group

1 2 3 4

Induction

Overall response latency -. 26 -. 52** -. 52** -. 31
Overall error rate -. 37 -. 52** -. 35 -. 12
AII -. 17 -. 10 .01 -. 42
CPS -. 05 -. 06 -. 31** -. 06
CPS -. 35 -. 58** -. 53** -. 15
UCVS -. 19 -. 36 -. 07 .24
J3S -. 17 -. 31 -. 54** -. 28

* Deduction

Overall response latency -.25 -.36 -.67** -.36
Overall error rate -.26 -.61** -.04 .11
AII -. 19 .03 -. 32 -.55*
CRS -.ii -. 20 -. 72** -. 21
CPS -.02 -.20 -.14 .02
UCVS .13 .08 .18 .28
JUS .12 -. 29 -. 37 -. 15*

Insight

Overall response latency -.18 -.53** -.32 -.13

Note: All tests of significance are one-tailed.
* p < .05

** p < .01

I
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Figure Captcw

Figure 1. Mdel of information processing for precued iuction problems.

Figure 2. Hyothetical game t tici

Figure 3. Ncrxperts' ciharxes in bid time due to game odifications
(in percent)

Figure 4. Experts' changes in bid time due to game modifications
(in percent)

Figure 5. A strategy model for solving projection prcblems. Symbolic
naes in the upper right-hand corner of a bac refer to
latency parameters.

I



II

ACCESS 1CREATE 1
CATEGORY CATEGORY

INFORMATION jINFORMATION T
............................ .... P recue tim e

4'4 Response time

READ READ 1
PROBLEM jPROBLEM j

RELEVANT? RELEVANT?

INPORATE REJECTCOBNCU

CUECUWIHSE

SOLVE

PROBLEM

RESPOND

Figure 1



I

GAME NO I North Declarer: E/W N/S
0 0

Contract: 2 v

West East
50 !?QT2

4o vKT43
oT86

+73

* South
J3

* A875
* KJ932
+Ag

North East South West South: ?

5o 4',
Card ranks: A,K,Q,J,T,9...2

Suit ranks: Sp, He, Di,CI

F
Figure 2



120-
Percent

100

80 U Block 2
SBlock 3

* 60-

40-

20

0
Names Rankordors Lead Rule modification

Figure 3



180
Percent

160-

140-

120 U Block 2

100-~Bok

* 80

60-

40-

20-

0
Names Rankordera Lead Rueodfctn

Figure '4



2 I Cmmul.li

No All

3 fflor Stle 2

1F

Sto I a" unot

aImAlltsu.

16 cs

-s 12 Asbe 1

Cfm Troc"

AllCY
13C . ll

~ Luc~ste Figur



MiR oract N0001485KD589 Final Report, Page 105

Section 2

Publica'tions

1985

Berg, C. A., & Sternberg, R. J. (1985). Response to novelty: Cotinuity
versus discontinuity in the developmental course of intelligence.
In H. Reese (Md.), Advances in child develomnt and behavir (Vol.
19, pp. 2-47). New York: Acadmic Press.

Berg, C. A., & Sternberg, R. J. (1985). A triardiic theory of
intellectual develcpmnt durin adulthood. Dselommntal Review, 5,
334-370.

Davidson, J. E., & Sternberg, R. J. (1985). Coqpetence and performance
in intellectual develcpment. In E. Neimark, R. de Lisi, & J. H.Newan (Eds.), Moderators of ocmtne(pp. 43-76). Hillsdale,
NU: Erlbaum.

Downing, C. J., Sternberg, R. J., & Poss, B. (1985). lticausal
inferenc: Evaluation of evidence in causally complex situations.
Jornal of Eaerivental Psvcholoov: n , ]14, 239-263.

OSternberg, R. J. (1985). All's well that ends well, but it's a sad tale
that begins at the end: A reply to Glaser. American P lo!st,
4Q, 571-573.

Sternberg, R. J. (1985). Applying analysis to the study of
individual differenes in cognitive skills. In C. Reynolds & V.
Willson (Eds.), Methodoloaical and statistical advances in the study
of individual differences. Now York: Plenum.

Sternberg, R. J. (1985). B@vrx 10: A triaric theory of humn
inel New York: Cambridge University Press.

Sternberg, R. J. (1985). The black-Aiite differemces and Spearman's g:
Old wine in new bottles that still doesn't taste good.
and Brain Sc , g, 244.

Sternberg, R. J. (1985). Cognitive approaches to intelligence. In B.
Wolman (Ed.), Handbook of intelligenoe. New York: Wiley.

Sternberg, R. J. (1985). a analysis: A recipe. In D. K.
Detterman (Ed.), r t~oics in human intellince (Vol. 1, pp.
179-201). Norwood, NU: Ablex.

Sternberg, R. J. (1985). Controlled versus autoatic procesing: A
reply to Fodar. Behavioral and Brain Sciences, 8, 32-33.

Sternberg, R. J. (1985). Critical thinking: Its nature, 1 Iu I ,
and lrrovement. In F. R. Link (Ed.), ES=an the intelle (pp.
45-65). Alexandria, VA: Association for Supervision and Curriculm
Drevlmsnt.



Ct4R Contract N0001485K0589 Final Report, Page 106

Sternberg, R. J. (1985). For the best on how to test: Review of
Essentials of pstchololical testing (4th ed.), by Lee J. Cronbadc.
Contim~ rav Pshole, 30, 377-378.

Sternberg, R. J. (1985). THnan intelligence: The model is the message.
Science, 230, 1111-1118.

Sternberg, R. J. (1985). Iplicit theories of intelligence, creativity,
and wisdom. Journal of Personality and Social Psvcholoqy, 49,
607-627.

Sternberg, R. J. (1985). Instnm.al and ocuqntial approaches to the
training of intelligence. In S. Chipman, J. Segal, & R. Glaser
(Eds.), MhinMW and learning skills: Current research and men
eso (Vol. 2, pp. 215-243). Hillsdale, NU: Erlbaum.

Sternberg, R. J. (1985). Pretty close to ideal, anyway: A review of The
ideal problem solver. Human Intelliance News Iette, 6, Spring, 10.

Sternberg, R. J. (1985). Review of Meichenbaun, Brland, Grusen, and
Cameron's "etacognitive assessment." In S. Yussen (E.), The rot
of reflection in the child (pp. 31-35). New York: Academic Press.

Sternberg, R. J. (1985). Review of Nonverbal Test of Cognitive Skills.
InJ. V. Mitchell (Ed.), The ninth mental measurw.nts
Lincoln, NE: University of Nebraska Press.

Sternberg, R. J. (1985). Review of Test of Cognitive Skills. In J. V.
Mitchell (Ed.), The ninth mental measurements yearbook. Lincoln, NE:
University of Nebraska Press.

Sternberg, R. J. (1985). Tacit agreements between authors and editors.
Behavioral and Brain Sciences, 8, 746-747.

Sternberg, R. J. (1985). Teaching critical thinking, Part 1: Are we
making critical mistakes? Phi Delta ap, 67, 194-198.

Sternberg, R. J. (1985). Teaching critical thinking, Part 2: Possible
solutions. Phi Delta Kappan, §7, 277-280.

Sternberg, R. J., & Baron, J. B. (1985). A statewide approach to
measuring critical thinking skills. Educational Leadership, 43,
40-43.

Sternberg, R. J., & Caruso, D. (1985). Practical modes of knowing. In
E. Eisner (Ed.), Learninm the ways of known (pp. 133-158). Chicago,
IL: University of Chicago Press.

Sternberg, R. J., & Davidson, J. E. (1985). Cognitive development in the
gifted and talented. In F. D. Horowitz & M. O'Brien (Eds.), The
aifted and talented: A developmental persnective. Washington, DC:
American Psychological Association.



CNR Contract N0001485KD589 Final Report, Page 107

Sternberg, R. J., & IN -mara, T. P. (1985). The repreentation and
prooessing of information in real-time verbal ccmqrehension. In S. E.
hrtso (Ed.), Test desicm: C-onributions fm cVcho Lv
education, and Rgtcmt cs (pp. 21-43). New York: Academic Press.

Sternberg, R. J., & Smith, C. (1985). Social intelligence and decoding
skills in nonverbal cmunication. Social Coanition, 2, 168-192.

Sternberg, R. J., & Spear, L. C. (1985). A triarchic theory of mental
retardation. In N. Ellis & N. Bray (Eds.), International review of
reserchin mntal retardation (ol. 13, pp. 301-326). New York:
Academic Press.

Wagner, R. K., & Sternberg, R. J. (1985). Practical intelligence in
real-rld pursuits: The role of tacit knowledge. Journal of
Perscnality and Social Psvchol1T, 49, 436-458.

1986

Davidson, J. E., & Sternberg, R. J. (1986). What is insight?
Educational Horizons, 64, 177-179.

Dillon, R. F., & Stenberg, R. J. (Eds.) (1986). Cognition and
instrcni. Orlando, FL: Academic Press.

Mart, D. B., & Sternberg, R. J. (1986). Analogical reasoning with novel
concepts: Differential attention of intellectually gifted and
nrqifted children to relevant and irrelevant novel stimuli.
Cgnitive Develo nrt, .1, 53-72.

Spear, L. C., & Sternberg, R. J. (1986). Cognitive assessment with
disabled readers. Special Services in the Schools, 1985-1986, 2
(2/3), 71-84.

Sternberg, R. J. (Ed.) (1986). Advances in the svcholoav of human
intell (Vol. 3). Hillsdale, N.: Erlbaum.

Sternberg, R. J. (1986). Alternatives to the triarchic theory of
intelligence. Behavioral and Brain Sciences, 2, 581-582.

Sternberg, R. J. (1986). Cognition and instyuction: W the marriage
scetiz ends in divorce. In R. F. Dillon & R. J. Sternberg (Eds.),
Coanition and instrution (pp. 375-382). Orlardo, FL: Academic
Press.

Sternberg, R. J. (1986). A framwork for uderstai conotins of
intelligence. In R. J. Sternberg & D. K. Detterman (Eds.), Mat is
intellienc? 9gntaiorarv viewpoints on its nature-aid definto
(pp. 3-15). Norwood, N.: Ablex.

Ste nberg, R. J. (1986). The future of intelligence testing.
Educational easurement: Issues and-Practi , _5(3), 19-22.

Sternberg, R. J. (1986). GENECES: A framework for intellectual
abilities and theories of them. Lae-1.1g1, i0, 239-250.



C C act N0001485K0589 Final Paport, Page 108

. Sternberg, R. J. (1986). Haste makms waste versus a stitc in tim? A
reply to Vernon, Hadar, and Kantor. I, IQ, 265-270.

Sternberg, R. J. (1986). How to Mregar for the Miller Analocuies
(4th ed.). Woodbury, NY: Barrul's F caticml Series, Inc.

Sternberg, R. J. (1986). Identifying the gifted through IQ: My a
little bit of knowledge is a dangercus thing. E 8,
143-147.

Sternberg, R. J. (1986). In defense of 'critical thinking' program.Educati1 NeO,_6 , 19.

Sternberg, R. J. (1986). Inside intelligence. American Scientist, 24,
137-143.

Sternberg, R. J. (1986). InstrUc 's manual to acioanv Intelliaence
a~lied: Understaiding and ieasing v intellectual skills. San
Diego, CI: Harcourt, Brace, Jovanovich.

Sternberg, R. J. (1986). Intellig e arlied: Undest i and
increasina y=r intellectual skills. San Diego, C: Harourt, Brace,
Jovanovich.

O Sternberg, R. J. (1986). Intelligence is mental self-goverruent. In R.
J. Sternberg & D. K. Detterman (Ms.), at is intelliecme?
C~nto rLaV VieWtoints on its nature and definition (pp. 141-148).
Norwood, NI7: Ableu.

Sternberg, R. J. (1986). Intelligence, wisdom, and creativity: Three is
better than one. ucatcnal RIM=loc , 21, 175-190.

Sternberg, R. J. (1986). I: The nature and se of
practical intelligence. In R. J. Sternberg & R. K. Wagner (Eds.),
Practical intelliaence: Nature and oriains of ocuetence in the

ao (pp. 1-10). New York: Cmabridge University Press.

Sternberg, R. J. (1986). A perspective on the prospects for H
intellimee: eNs tis and , by R. Kail & J. W.
Pellegrino. Catimpr, 18-19.

Sternberg, R. J. (1986). Timm capsules are not a panacea: A reply to
Vernon. l , i0, 277-279.

Sternberg, R. J. (1986). Toward a unified theory of human reasoning.
I 1, IQ, 281-315.

Sternberg, R. J. (1986). A triarchic theory of human intelligence. In
S. E. Newstead, S. H. Irvine, & P. L. Dann (Eds.), Human assessmnt:
COition and notivation (pp. 43-47). Dordrecht, The Netherlands:
MartiLnus Nijhoff.

Sternberg, R. J. (1986). A triardic theory of intellectual giftedness.
In R. J. Sternberg & J. E. Davidson (Eds.), of _ai
(pp. 223-243). New York: Cambridge University Press.



CNR Contract N000148SK0589 Final Report, Page 109

S Stenbmg, R. J. (1986). fat is adaptive? Behavioral and Brain
Sciences, 2, 207-208.

Sternberg, R. J. (1986). Mhat would better intelligence tests look
like? In Measures in the colleae admissions Mgess: A collsee Board
Cp11oguium (pp. 146-150). New York: College Board.

Sternberg, R. J., & Berg, C. A. (1986). Quantitative integration:
Definitions of intelligence: A s of the 1921 and 1986
symbxoia. In R. J. Sternberg & D. K. Detterman (Eds.), Mlat is
intellience? Contorary viewpoints on its nature ad definition
(pp. 155-162). Norwood, NJ: Ablex.

Sternberg, R. J., & 3wna, K. (1986). Synthesis of research on the
effectiveness of intellectual skills programs: Snake-oil remedies or
miracle cures? Educational Leaderhip, A4(2), 60-67.

Stenberg, R. J., & Davidson, J. E. (Eds.) (1986). Cmxmejtins of
ciftedness. New York: Cambridge University Press.

Sternberg, R. J., & Davidson, J. E. (1986). CQ2eptions of giftedness:
A map of the terrain. In R. J. Sternberg & J. E. Dwvdson (Eds.),
OM=Vtions of giftednes (pp. 3-18). New York: Cambridge University
Press.

Sternberg, R. J., & Detterman D. K. (Eds.) (1986). Mat is
intelli-1gnc? ConAmorar viewoints on its nature and definition.
Norwood, N7: Ablex.

Sternberg, R. J., & Suben, J. (1986). The socialization of
intelligence. In M. Perlmtter (Ed.), octives on intellectual
developnant (Vol. 19): Minnesota Marcia on dild 1oa7 (pp.
201-235). Hillsdale, WU: Erlbaum.

Sternberg, R. J., & Wagner, R. K. (Eds.) (1986). Pail
intelli e: Nature and origins of cgmMetence in the evgerya
o . New York: Cambridge University Press.

Tetewsky, S. J., & Sternberg, R. J. (1986). Conceptual and lexical
determinants of norentrenched thinking. JounMal of Neworv and

€e 25, 202-225.

Wagner, R. K., & Sternberg, R. J. (1986). Tacit knowledge and
intelligence in the everyday world. In R. J. Sternberg & R. K. Wagner
(Eds.), Practical intelligence: Nature and origim of curjMetene in
the everyday world (pp. 51-83). New York: Cambridge University
Press.

Baron, J. B., & Sternberg, R. 3. (Eds.) (1987). Teaddm thinking
skills: Theory and practice. New York: Freeman.

Kaye, D. B., Sternberg, R. J., & Fonseca, L. (1987). Verbal
.rprehension: The lexical decomposition strategy to define
unfamiliar words. I ll , , 1-20.



CINR COotract N0001485ID589 Final Report, Page ii0

S
Kolligian, J., Jr., & Stienier, R. J. (1987). Another look at

intelligence and learning disabilities: A reply to Reynolds' 'rap'.
Journal of LeaZninm Disabilit, 2(6), 325-326.

Kolligian, J., Jr., & Stenibezg, R. J. (1987). Intelligence, information
processing, and specific learning disabilities: A triardhic
synthesis. Jornal of LearninM Disabilities, 20, 8-17.

Marr, D. B., & Sternberg, R. J. (1987). 7he role of mental speed in
intelligence: A triarchic perspective. In P. A. Vernon (Ed.), Speed
of information 2Mrocessin and intellience (pp. 271-294). Norwood,
NJ: Ablex.

Sincoff, J., & Sternberg, R. J. (1987). TWo faces of verbal ability.
In*Sl1 , Ii, 263-276.

Spear, L. C., & Sternberg, R. J. (1987). An informatim-prooessing
framework for understanding reading disabilities. In S Caci (Ed.),
Hadbook of tive cial. and rn sydilocical aspects of
leaznwn disabilit.e (Vol. 2, pp. 3-31). Hillsdale, NJ: Erlbaum.

Spear, L. C., & Sternberg, R. J. (1987). Teaching styles: Staff
developwit for teaching thinking. Jaarnal of Staff Devel 01,
_Q(3), 35-39.

0 Sternberg, R. J. (1987). Behavior genetics moves beyond percentages-At
last. Behavioral aA Brain Sciences, IQ, 40.

St mrberg, R. J. (1987). Qping with nvelty and uman intelligence. In
P. Morris (Ed.), Modling rmi444m (pp. 57-91). Lcnkzn: Wiley.

Stenerg, R. J. (1987). A day at developmental downs: Sportscast #2-
Neo-Piagetian theories of cognitive developnt. nterniml
Jirnal of P l4 v, _U(5/6), 507-529.

Sternberg, R. J. (1987). Difficulties in comparing intelligence across
species. Behavioral and Bain Sciences, 10(4), 679-680.

Sternberg, R. J. (1987). Down with paper clips! A review of V.
Jhn-Steiner, Notebooks of the mind: E Elorations of h.
Coteray Psvcholo , 32, 339-340.

Sternbezrg, R. J. (1987). Five ways to think about thinking skills.
Lita =Qr, Special Issue, Fal, 32-33.

Steinberg, R. J. (1987). Gee, there's more than g: A critique of Arthur
Jensm 's views on intelligence. In S. Moclil & C. Mogil (Eds.),
Arthur Jensen: COnsersu and conDvry (pp. 237-249). Barcnbe,
England: Falmr Press.. Stenberg, R. J. (1987). Implicit theories: An alternative to modeling
cognitiin and its develcpnent. In J. Bisanz, C. Bainerd, & R. Kail
(Eds.), Formal methods in develo riental vcholoov: P s in

afiti990 researc (pp. 155-192). Nw York:SpigrVerla.



CIR Contract N0001485K0589 Final Report, Page 11

Sternberg, R. J. (1987). Intelligence. In R. L. Gregory (Ed.), -he
Oxford omianiori to the min! (pp. 375-379). Oxford, England: Oxford
University Press.

Stei-berg, R. J. (1987). Intelligence and cognitive style. In R. E.
Snow & M. J. Farr (Eds.), Aptitde. learniM. and istrcticn. Vol.
3, 0anative and affective po s aal" (pp. 77-97). Hillsdale,
NU: Erlbaum.

St inberg, R. J. (1987). Moot vocabulary is learned from om*Ait. In M.
G. McM~reo & M. E. Curtis (Eds.), The nature of vocabulary acouisition
(pp. 89-105). Hillsdale, WJ: Erlbaum.

Steinberg, R. J. (1987). The psychology of verbal cmprehension. In R.
Glaser (M.), Advanms In instructial volov (Vol. 3, pp.97-151). Hillsdale, NJ: Erlbaum.

St enbeg, R. J. (1987). adtiinntllage inte lligenc.
, i1, 11-14.

Stenberg, R. J. (1987). Questicrs and answrs about the nature and
teadin of tAkind skills. In J. B. Barcn & R. J. Sternberg (Eds.),
Teachina thinki&: heory and practice (pp. 251-259). New York:
Freeman.

S Stenberg, R. J. (1987). Rsview of B. Presseisen, Thinkim skills.M uctional Horizon, §§, 151.

Steinberg, R. J. (1987). Secztd game: A school's-eye view of
intelligence. In J. A. Langer (Ed.), LMagUa. liter . and
culture: Issues of society and sdoolirq (pp. 23-48). Norwood, 1V:
Ablex.

SteInberg, R. J. (1987). Stalking a moving target. Review of R.
Nickeiso, D. Perkins, & E. Smith, The teAnq of think.
Com3rar, _U, 322-323.

Steinberg, R. J. (1987). Syopeis of a triarchic theory of hbmn
intelligence. In S. H. Irvin & S. E. NOetead (Eds.), I
and comniticn: CQDt.Moz=v frames of refe (pp. 141-176).
Dordrecht, The Netherlands: Martinus Nijhoff.

Steinberg, R. J. (1987). Thachir critical thinking: Eight easy ways to
fail before you begin. Phi Delta 1a I, _0, 456-459.

Steinberg, R. J. (1987). Teaching intelligence: The application of
cognitive psychology to the irov mmnt of elc s . In j.
B. Baron & R. J. Stenberg (33..), Tgain thinking skills: Theory
az1 qt± (pp. 182-218). New York: Freemn.. Stenberg, R. J. (1987). Teadhin intelligence: A triarchic model.
In D. N. Perkins, 3. rcheiad, & J. C. Bishop (Eds.), MlinkLr: Theseodinternational ofrn (pp. 53-60). Hillsdtale, NS: Erlbaum.

S rg, R. J. (1987). Three portraits of intellectual giftedness.
Gifted Students , Al-A5.



CNR Contract N0001485ED589 Final Report, Page 112

Stenberg, R. J. (1987). The triardhdc theory of human intelligence:
A framwrk for the undierstanding, inzvestigation, testing, and
training of intelligence. In J. Richardson, M. W. Eysezrk, & D. W.
Piper (Eds.), Student learnlm: Research in educatign ar cgonitive
RYMlQ1.V (pp. 357-374). Londo: SEM & The Open, Uftiversity Press.

Sternberg, R. J. (1987). A unified theoretical perspective on autism.
In D. Cohen & A. M. Dontelan (Eds.), Handbook of autism and pervasive

dee (pp. 690-696). New York: Wiley.

Ste rg, R. J. (1987). A unified theory of intellectual
excepticnality. In J. D. Day & J. G. Borkowski (Eds.), Intliece
and exce?ticnalitv: FMw directions for theory assessmnt. and
instructional ractices (pp. 135-172). Norwood, NJ: Ablex.

Steimberg, R. J. (1987). The uses and mis.ues of intelligence testing.

St eierg, R. J., & Berg, C. A. (1987). Mat are theories of adult
intellectual develoment theories of? In C. Schooler & K. Warner
Sc(aie Ed.), gnitive fnctionim ard social structure over the
life course (pp. 3-23). Norwod, N7: Ablex.

Sternberg, R. J., & Davidson, J. E. (1987). Teachng thinking to college
students: Scam lessons learned from experience. Teahi Thlinm
and Problem So1v4n, 9, May/June, 1-2, 10-11.

Steinberg, R. 3., & Dobson, D. M. (1987). Polvingineproa
conflicts: An analysis of stylistic consistency.
Personality and Social P lutv, U, 794-812.

Wagner, R. K., & Sternberg, R. J. (1987). Emcative control in reading
caieensicn. In B. K. Britton & S. M. Glynn (Eds.), Eci
control Drocesses in readin (pp. 1-21). Hillsdale, XT: Erlbaum.

1988

Okagaki, L., & Sternberg, R. J. (1988). Unwrapping fte&v-s. In G.
Kanselaar, J. L. van der Linden, & A. Penninis (Es.), ndivdul
differences in giiftedness: Identification and educatic (pp. 30-45).
Iuvain, Belgium: Acoo.

Sincoff, J. B., & Sternberg, R. J. (1988). The develoiment of verbal
fluency abilities ard strategies in elamntary-school-aged children.
Develo@ P, 24, 646-653.

Sternberg, R. J. (Ed.) (1988). Advm s in the vMcoloov of human
l (Vol. 4). Hillsdale, NJ: Erlbaum.. Sternberg, R.J. (1988). Beyond IQ testing. National

8-1u.

Sternberg, R. J. (1988). The developent. of intellectual styles.
Teachin Thkin and Prob Solvenm, 10(2), 1-4.



CNR Contract N0001485K0589 Final Report, Page 113

Sternberg, R. J. (1988). G 4ECES: A rationale for the construct
validation of theories and tests of intelligence. In H. Wainer & H.
I. Braun (Eds.), Test validity (pp. 61-75). Hillsdale, ?U: Erlbaum.

Sternberg, R. J. (1988). 'he intellect: 'hree portraits unveiled.
Gifted Children ?ty, 9, 1-3.

Sternberg, R. J. (1988). Intellectual development: Psychmetric and
infoanation-processing approaches. In M. Borrwtein & M. Lamb (Eds.),
Develmentaj RMv go v: An advanced txtbok (2rid ed., pp.
261-295). Hillsdale, NU: Erlbaum.

Sternberg, R. J. (1988). Intelligence. In R. J. Sternberg & E. E. Smith
(Eds.), The psVcholoMv of human th t (pp. 267-308). New York:
cmbridge University Press.

Ste berg, R. J. (1988). Intelligence is more than a matter of "How
much?" Himan Intellience International Nesl t, _/4, 2-4.

Sternberg, R. J. (1988). Lessons from the life span: What theorists of
intellectual development aiong children can learn from their

n studying adults. In E. M. Hetherington, R. M. Lerrer, &
M. Perlmutter (Eds.), Child develmnt in life-sinn Derspective (pp.
259-275). Hillsdale, NU: Erlbaum.

* Sternberg, R. J. (1988). 7he male/female difference is there: Should we
care? Behavioral ard Brain Sciences, 1(2), 210-211.

Steinberg, R. J. (Ed.) (1988). The nature of crativity. New York:
Cambridge University Press.

Ste rberg, R. J. (1988). A practical approach to practical intelligence.
c,.M .= r PsMof,, 33, 504-505.

Sternberg, R. J. (1988). he Dsvhooaist's coxmapjq (2rd ed.).
New York: Cambridge University Press.

Steinberg, R. J. (1988). Questioning cognitive psychology. M X
Psy-cIocg, 33, 206-207.

St nberg, R. J. (1988). Review of The lgaa-tsm retention of )mowledce
and skills: A cocnitive and instructional ergsoective. B==
Intellience International Newslette, 1/4, 10.

Sternberg, R. J. (1988). Review of H. Spitz, Mie raisjn of
intellience: A selected history of attemots to raise retarded
inta±g . American Journal of PSvchoog, I, 142-145.

Steinberg, R. J. (1988). Survival of the fittest in theories of
creativity. Journal of Social and Biological S, 11, 154-155.. Stenberg, R. J. (1988). A three-facet model of creativity. In R. 3.
Sternberg (Ed.), The nature of creativit (pp. 125-147). New York:
Cambridge University Press.

Sternberg, R. J. (1988). he triar~chi mind: A new theory of human
jJn.Ug . New York: Viin.



CNR ontract N0001485K0589 Final Report, Page 114

S Sternberg, R. J., & Martin, M4. (1988). When teaching thinking does not
work, what goes wrong? Teaders Collgee R , 82, 555-578.

Ste nberg, R. J., & Smith, E. E. (Eds.) (1988). The psVchology of human
thbZht. Njew York: Cambridge University Press.

Tardif, T., & Sternberg, R. J. (1988). C 1nausiois: Mtat do we know
about creativity? In R. J. Sternberg (Ed.), The nature of creativity
(pp. 429-440). New York: Cambricd University Press.

In rs

Ackerman, P., Sternberg, R. J., & Glaser, R. (Eds.) (in press). Learnino
and individual difference. New York: Freeman.

Kalmar, D. A., & Sternberg, R. J. (in press). Theory knitting: An
integrative approach to theory develcpment. Pilog hLical Pwycdo1a.

Kolligian, J., Jr., Sternberg, R. J. (Eds.) (in press). P t of
ineta and v . New Haven, CT: Yale University Press.

Frensch, P. A., & Sternberg, R. J. (in press). Expertise and intelligent
thinking: Nhen is it worse to know better? In R. J. Sternberg (Ed.),
Admnces in the puyd=oioav of human intelliene (V ol. 5). Hillsdale,
NZ: Erlbaeum.

Sincoff, J., & Sternberg, R. J. (in pres). The dsmlcmnt of cognitive
skills. In A. M. Colley & J. R. Beech (Eds.), The agzisiti and
terf of coamitive skills. Cichester, Englar: Wiley.

Sternberg, R. J. (Ed.) (in press). Advare in the rgy=og of hman
jjtgl (Vol. 5). Hilladale, NU: Erlbaim.

Sternberg, R. J. (in press). Applying cognitive theory to the testing
and teaching of intelligence. Amlied Qganti c .

Sternberg, R. J. (in press). Beind closed doors: Unlocking the
mysteries of luman intelligence. In J. Brockman (Ed.), 7
cub . New York: LYNX.

Sternberg, R. J. (in press). CAT: A proram for o rehueive abilities
testing. Washirgrto, DC: Commi an Testing and Public Policy.

Sternberg, R. J. (in press). ognitive theory and psydztrics. In R.
K. Habletan & J. Zaal (Eds.), f loalalAn Amsterdam:
North-4iolland.

Sternberg, R. J. (in press). awaplainin auy intelligence: A reply to
How. British Journal of Psyaolo .

Sternberg, R. J. (in press). Lntelligence. EnMMaoeAr
Chicago, IL: Britannica Inc.

,m~m lmmm n m mmll lm~l mira• i



CNR Contract N0001485K0589 Final Report, Page 115

Sternberg, R. J. (in press). Intelligence, wisdcm, and creativity:
Their natures and interralationships. In R. Lin (Ed.),
Intellimence: Measurement. theory, and pUblic policy. Champaign,
IL: University of Illinois Press.

Sternberg, R. J. (in press). Mental self-government: A theory of
intellectual styles and their developuent. Hman Dweloment.

Steinberg, R. J. (in press). Mtapor of the mind: Conceptions of the
nature of intellien. New York: Cambridge University Press.

Ste nberg, R. J. (in press). Preface: The uho, what, where, when, why,
and how of theory and research on cognitive instruction. In B. F.
Joes & L. Idol (Eds.), Dimensions of thinkirM and coaMitiveintrc (Vol. 2). Hillsdale, NJ: Erlbaun.

Steinberg, R. J. (in press). Prototypes of a2Ipetezc andi.
In J. Kolligian & R. J. Sternberg (Eds.), Perceptions of cc tence
and j . New Haven, CT: Yale University Press.

Sternberg, R. J. (in press). Sia l . New York: Bantam.

Sternberg, R. J. (in press). Sternberg ltidinsional Abilities Test.
San Antonio, TX: The Psychological Corporation.

* Sternberg, R. J. (in press). A triarcdic view of intelligence in cross-
cultural perspective. In S. Irvine (Ed.), The cultural context of
hmn abilities. New York: Cambridge University Press.

Steinberg, R. J. (in press). Mat we don't know that w do knew: A
review of Ncotmcious soci infortin reI by Pawel
Lewicki. Jaurnal of Social and BiolAgical t.

Sternberg, R. J. (Ed.) (in press). Wisdom: Its nature. origins. and
daelo 0 New York: Cambridge University Press.

Sternberg, R. J., & Davidson, J. E. (in press). A four-prong model for
tL.ellectual skills developnert. Journal of Researth and Develoument

Sternberg, R. J., & Frensch, P. A. (in press). A balance-level theory of
intelligent thinkirq. Zeit ift far ische Pschlo
(German Journal of Educational Psvcholgv).

Sternberg, R. J., & Frensch, P. A. (Eds.) (in press). Coivlex rolem
solvinc: Principles and hanism. Hillsdale, NJ: Erlbaum.

Sternberg, R. J., & Frenadi, P. (in press). Intelligence aid cognition.
In M. Eysenck (d.), International review of coanitive "vcholog
(Vol. 1). Cichester, Baland: Wiley.

S Sternberg, R. J., & Gastel, J. (in press). If dancers ate their shoes:
Inductive reasoning with factual and cozmerfactual promises. Memoy

• .. w m. mm I IIIa nId I



CHR outract N0001485K0589 Final Report, Page 116

Sternberg, R. J., & Wagner, R. K. (in press). The fate of the trait: A
reply to Cantor and Kihlstrcz. In R. S. Wyer, & T. K Srull (uds.),
Advances in social coanitior (Vol. 2). Hillsdale, WU: Erlbaum.

Sternberg, R. J., & Wagner, R. K. (in press). Individual differences in
practical knowledge and its acqxuisiticn. In P. Ackezman, R. J.
Sternberg, & R. Glaser (Eds.), LearniM and individual diffe M.
New York: Freeman.

Wagner, R. K., & Stezbg, R. J. (in press). Tacit knowledge in
mnageial suocess. Jounzl of usiness ard PsVcholo7.

Wagner, R. K., & Sternberg, R. J. (in press). Tacit knowledge: Its uses
in identifying, assessing, and developiM talent. In J.
Jones, B. Steffy, & D. Bray (Eds.), AMlyinM neviholoav in business:
The manaaer's hadbook. New York: Muman Sciences Press.

Williams, W. M., & Sternberg, R. J. (in press). Group intelligence: hy
sme grops are better than others. Intelliaenoe.



NR Cmntract N0001485IM589 Final Report, Page 117

Section 3

Presentations

October, 1985
An informl presentaticn at the Psydhlogical Carporation
A colloquium at the University of Delaware
An invited address to the Association for Gifted and

Talented Education at the OCx=d Hotel in New York State
A colloqium at Harvard University
A colloquium at Lehigh University
The keynote address to the New York State Conference

on Thinking in Albany
A workshcp in Vernon, Conecticilt
A talk at a cnference at Stanford University
The keynote address at the Michigan State Cmference

on Thinkig in Detroit.
A colloquium at the University of Michigan

November, 1985
A talk to a group of a~ninistrators at Southern Cuecticut

State university
The keynote address at the Naticmal Association for

Gifted Children
An address at a week-lcr, conference on cognition in Madrid,

Spain
A talk at the meeting of the Psydcmomic Society in Boston
The keynote add at the metin of the Pmsylvania

Association for Supervision and Curriculum Developnent

December, 1985
An invited talk to the Washington State COnfereic

on Thinkinq in Seattle
A colloquium at the Center for Creative Leadership in Greensboro
An invited talk to teachers in GlastoIbry, OCnecticut
An invited talk to teachers in Southington, Cxecticut
Two colloquia at Vanderbilt University

January, 1986
A workshop on thinkirg skills to the West Hartford Scol System
A colloquium cn intelligence to the Bank Street College of

Education
A Keynote adress on teaching thinking to the Pennsylvania

Association for Supervision and Curriculum Develcpznt

February, 1986
A colloquium on intelligence at the University of Tas at Austin
A colloquium on intelligence at Rice University in Houston
A talk on practical intelligence for business writers in New York
A talk on practical intelligence at M=*tcair State College in

Unper Y=Ttclair, New Jersey
Talks at Lake Washimton School District, Washington, and at the

anmual meeting of the Association for Supervision and
Ourriculum Develcpzent
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March, 1986
A talk at Sacred Heart University, Fairfield, CT
A televised talk to teachers in the State of Virginia
A workshop in Plainville, Cr
An invited address on intelligence as mental self-woverzuent at

Gatlinperg conferece

April, 1986
Keynote addresses and workshops at ieinhire (CT) Shoo District

and Rid mxd School District (BC, Canada)
Keynote addresses at three conferences on the gifted at Michigan

State University, Rutgers (New Jersey State Conference on the
Gifted), and BOCES of New York

A colloquium at Columbia University Teachers College
A oollcqmuium at Western (mnectiau State University

May, 1986
A colloquium at Ioyola University (Chicago)
A talk at the New School for Social Research
Talks at thinking skills c-- onfe .a ored by the City of New

York, South Dakota State University, and the International
Foundation for Learning (Vancouver, BC)

June, 1986
Talks on testing at onferences spaured by EIS and by the

College Board
Several talks at the AMR annual meeting

July, 1986
A talk on p edictict/postdiction at the aOR Cotractors meeting

in O ikpaign, IL
Lectures and workshops on thinking at the Carkdiff Institute

(Amherst), the College of St. MThas (St. Paul), the Rotary
Club (Hamden, Cr), Cfratute (Storrs, Cr), Fairfield
University, an ASCD institute in Williamsburgh, Northwestern
University, and Wboodlry (Cr).

August, 1986
A colloquium on theory of intellectual styles at Dike University
An invited address and 2 panel discussions at APA in Washimtn
A lecture on intelligence at the University of Leuven (Belgium)
An invited address at the amal meetin of the Geman

Psychological Society in Heidelberg

Octdoer, 1986
A workshop on critical thinking in Newtawn (Cr) High School
A workshop on testing intelligence to the Cmmecticut School

PsychologistsAsoitn
A talk on testing for college amnissions at the College Board

amal conference
A lecture on my theory of intelligence in Wilkesboro, NC, the

site for the pilot lid nional Ability Test
A lecture on thinking in the West Ircndeqyit School District

(upper Ne, York State).
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November, 1986
A keynote address to the Now York State Readings iatio
A lecture on thinking skills to textbook writers and editors at

Harcourt Brace Jovanoqwidh ntrnaioa headquarters in
Orlado

A talk on novjelty and inelgnsat the Pwydric Society
meetings

A major address and panel discussion at a Canadian Conference on
thinking skIlls in 1ormto

December, 1986
An all-day workshop on thinking at the University of California,

Irving

January, 1987
An invited adress on thinking skills at the annual North

carolina ASCD meeting
Talks to a series of educational corria in New York Statethrugh N.Y. cental Boa.

February, 1987
Colloquia at Quiripiac ollege (Now Have), the ducation School

of the University of Pensylvania, and the University of
Washington Psychology Dnrity

A talk to school district officials in Seattle throuh a program
arranged by Antioch University

A talk at an ES meeting on graduate student success

March, 1987
ColloQuia at the University of Saskatchean and of Regina
Workshops at the University of Puerto Rico in Rio Piedras and in

awley
A talk at a conference on schooling and i at the

University of Michigan
A talk at a meting on persornnl and instruction in San Antonio
Workshops on thinking skills in Trumbull (C), Washtinaw Cbmty

(I), and Mammroneck, NY
The keynote address and workshop at a conferenc on giftedness at

Arlington, TX
A talk at the CRR mao' eeting

April, 1987
Colloquia on my research on intelligence at the University of

Texas, San Antonio, the University of Mayland, and the
University of Pittsburgh
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May, 1987
A colloquium at the City University of Now York
Talks at a Now Jersey State Conference on Thinking Skills, the

New York ASCD annual conferenm, and the University of
Min1 ota Round Table

Jine, 1987
A talk at the annzual C( R Qmactors' imeeting
A workshop in the Fairfield (CT) scdools

July, 1987
An invited address on my views of intelligence and its

develcpnnt to the International Society for the Study of
Behavior Dsvelcpnent in Japan

Two lectures on the nature of intelligence at the University of
Hawaii

August, 1987
An invited adress on the nature of giftedness at the World

Gifted ofere in Salt lake City
A three-day workshop on thinking skills sponsored by AERA in San

Francisco
An invited adress on intelligence testing and a syxposium on

aging at APA annual confere in New York

SSeptember, 1987
A colloquium at the State University of New York in Buffalo

Octdoer, 1987
A keynote address at the Florida State Gifted Association annual

meeting
A series of lectures to educators in the St. ITots Special School

District
Workshops in the New Fairfield and South Wittlor (Cr) School

Districts

November, 1987
A talk at the annual meeting of the Psyc&mamic Society
A colloquium at Carnegie-Mellon University
The keynote address at the Tennessee and Illinois State Gifted

Asocations annual meetings
A worichop to high-level educators at Research for Better Schools

in Philadl- i

December, 1987
A oolloquiu at the University of Cincinnati

February, 1988
A colloquium at the University of Toledo
A colloquium at Florida State University
An invited a on testing to the National Aociation of

tSchools in NYC
A university-wide lecture at Booin College
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March, 1988An address to a csortium of educators from the Chiago region

A talk to teachers at the Brcrxille School
An r to sdolars at the University of Tos, Austin, in a

conrference on new directions in testing organized by Earl Hunt
andDo Foss

April, 1988
A colloquium at the University of Piochester
A colloquium at the Lversity of Wisconsin, River Falls
A talk at a conference at Calgary
A talk at Columbia High School in Maplaecoc, NO

May, 1988
A talk at a high school in Illinois

Jme, 1988
A talk to testing personnel of the U.S. Mzploymt Service

July, 1988
Colloquia and talks at an International Conferuc on Individual

Differences in Cognition in Ramat Gan, Isreal and at
University of Haifa

Talks at the National Institute of Testing and Evaluation in
Jerusalem and the Weizn Institute of Science

A week-lcrq institute on thinking skills at Yale
A talk to Confratute (an institute for teachers of the gifted)

August, 1988
Two talks at the Amrican Psychological Association meetings in

Atlanta
A talk at the International Conference on Intelligence sponsored

by the Australian goerrmit
A talk at the Internati l nference on Thinking Skills in

E ton, Alberta


